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INTRODUCTION. 

CHAPTER  I. 

The  statement  that  the  West  is  undeveloped  is  undeniably 
true.  It  is  doubly  true  of  the  State  of  Nevada.  Little  has  been 
done  to  develop  her  natural  resources ;  little  is  known  of  the  bound- 
less wealth  of  her  mountains  and  valleys.  Yet  Nevada  is  on  the 
tve  of  a  ^eat  awakening;  with  the  advent  of  irrigation  thiUisands 
ot  acres  of  fertile  land,  now  desert  like,  will  be  made  to  yield  an 
abundance  of  the  fruits  of  the  field,  and  will  supix)rt  a  large  pop- 
ulation. As  the  community  increases  in  numbers,  a  demand  will 
arise  for  all  modern  improvements,  among  which  two  of  the  fnost 
important  are,  permanent  buildings  and  good  roads.  It  is  needless 
lo  state  that  both  of  these  are  made  possible  by  the  use  of -stone ; 
stone  for  erecting  substantial,  handsome  structures,  and  stone 
for  the  betterment  of  the  highways,  which  are  so  important  to  the 
healthy  life  of  a  growing  commimity.  It  is  not  needless,  however, 
to  state  that  the  principle  underlying  the  choice  and  use  of. stone 
for  the  above  purposes  are  little  understood.  Moreover,  were 
these  principles  understood,  little  is  known  of  the  various  rocks 
in  the  state  available  at  present.  The  purpose  of  this  preliniinary 
report,  then,  is  as  follows:  First,  to  present  the  main  principles 
j;oveming  the  selection  and  use  of  building  stones  and  road  metal ; 
second,  to  describe  brieflv  the  stones  now  in  use,  or  that  caiveasilv 
be  used,  in  Nevada,  with  their  location  and  availability ;  and  thitd, 
lo  attempt  to  arouse  a  larger  interest  in  a  subject  of  siida  vast 
importance  to  a  healthy  commonwealth,  ;; 

We  in  the  West  are  prone  to  build  for  the  day  onry;"fomor- 
row  is  allowed  to  care  for  itself.  This  is  undoubtedly  chetiper  at 
any  particular  time,  but  is  far  dearer  in  the  end.  The  scale  of  any 
civilization  may  be  told  from  its  architecture :  the  stability  of  that 
civilization  is  shown  by  the  materials  used  in  the  architecture. 
l»ut  we  are  learning  to  build,  not  for  mere  decades,  but  for  cen- 
turies of  use,  and  to  do  this  we  must  use  stone.  The  first  cost 
may  be  high,  but  the  ultimate  expense  is  low.  The  result  of  this 
is  to  be  seen  now  in  many  places.  Not  only  are  stone  buiU(int^s 
more  common,  but  also  the  use  of  stone  is  seen  in  bridges,  cul- 
\erts,  roads,  curbing,  and  in  many  other  ways  too  numerous  to 
mention.  In  a  rapidly  growing  state  like  Nevada  the  importance 
of  these  considerations  cannot  easily  be  overestimated,  yet  that 
importance  is  little  realized.     The  frontier  town  is  one  of  tents 
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and  temporary  light  wooden  buildings.  Everjthing  is  done  with 
the  greatest  haste,  and  calculated  to  bring  in  the  largest  returns 
for  the  least  expenditure.  Every  western  town  has  gone  through 
such  a  period  in  its  growth.  After  this  first  newness  has  worn 
off  a  bit,  more  stable  conditions  obtain,  and  almost  imperceptably 
more  solid  and  substantial  structures  appear,  to  take  the  place  of 
the  first  flimsy  ones.  In  mountainous  regions  such  as  Nevada, 
men  have  turned  instinctively  to  the  rocks  in  the  hills  for  build- 
ing materials.  As  a  consequence  nearly  all  of  the  towns  of  the 
state  show  one  or  more  stone  buildings,  while  in  the  lai^er  ones, 
as  Reno  and  Virginia  City,  brick  is  common  also  as  a  material  of 
construction.  Yet  even  with  brick  structures,  stone  is  required  for 
cornices,  arches,  and  similar  uses.  The  people  need  to  know 
somethiog  about  the  proper  and  improper  use  of  these  materials, 
which  of  course,  is  the  reason  for  the  writing  of  this  report. 

The  nature  of  this  subject  is  more  complex  than  appears  on 
casual  inspection.  Fundamental  principles  of  three  separate 
sciences  all  play  an  essential  part ;  the  subject  is  built  upon  geol- 
ogy, [Jiysics  and  chemistry.  The  practical  man  may  believe  that 
he  has  no  time  for  such  considerations,  yet  the  simplest  rule  of 
thumb  method,  if  it  be  right,  is  founded  upon  true  scientific  prin- 
ciples. No  man  in  this  advancing  age  of  competition  can  afford 
to  be  ignorant  of  those  things  which  vitally  concern  him  and  his 
business.  Every  citizen,  directly  or  indirectly,  is  concerned  with 
the  erection  of  public  buildings,  private  buildings,  and  county  and 
city  highways.  Hampered  by  lack  of  facilities  for  detailed  work,  a 
full  report  on  the  subject  is  impossible  for  sone  time,  yet  the  time  is 
ripe  for  a  little  knowledge  to  be  distributed  about  these  matters. 

The  chief  uses  of  rock  are  as  follows,  in  order  of  their  rel- 
ative importance.  First,  the  largest  amount  ot  stone  is  used  in 
the  construction  of  buildings,  under  conditions  already  mentioned. 
Second,  much  of  the  finest  grade  of  stone  is  used  for  monument- 
al and  ornamental  work.  It  is  not  right,  nor  is  it  necessary,  that 
nearly  all  of  our  rocks  for  such  uses  come  from  outside  localities. 
Third,  the  importance  of  crushed  rock  for  the  construction  of 
roads  is  well  known.  Fourth,  in  the  larger  towns  and  cities,  stone 
curbing  is  imperative  on  the  graded  streets.  Fifth,  the  use  of  cut 
stone  for  bridges  and  culverts,  especially  by  the  railroads,  is  grow- 
ing constantly.  Sixth,  much  cut  rock  is  used  for  sidewalks  and 
by  the  railroads.  Sixth,  much  cut  rock  is  used  for  sidewalks  and 
tiling  in  the  most  approved  buildings.  Besides  these,  there  are 
many  lesser  uses,  such  as  the  construction  of  piers,  break-waters, 
''ims,  retaining  walls,  with  such  small  uses  as  hitching  posts. 
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steps,  mounting  blcx:ks,  and  the  like.    And  it  is  worth  noting  that 
this  list  is  constantly  increasing. 

The  text  will  be  divided  into  five  succeeding  chapters;  a 
short  chapter  on  the  nature  of  the  various  rocks,  with  their  clas- 
sification ;  a  second  chapter  devoted  to  the  qualities  pf  building 
stones,  good  and  bad ;  a  third  devoted  to  an  account  and  descrip- 
tion of  the  building  stones  of  Nevada ;  fourth,  a  brief  chapter  on 
road  metal ;  and  lastly  a  conclusion. 
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rocks:  their  nature  and  classification. 

To  the  average  man,  any  rock  is  either  a  granite,  a  porphyry, 
a  sandstone,  or  a  slate;  these  terms  are  all  embracing.  Were  it 
not  that  this  loose  use  of  terms  is  productive  of  actual  loss  in 
construction,  by  causing  a  misunderstanding  of  the  characteris- 
tics of  a  stone,  with  consequent  misuse,  this  chapter  would  be 
superfluous.  But  when  such  a  broad  error  is  made  as  the  use 
of  a  partially  decomposed  volcanic  rock,  an  andesite,  under  the 
belief  that  it  was  a  sandstone,  which  is  a  rock  not  often  subject 
to  decomposition,  at  least  in  the  better  grades,  the  writer  feels  it 
necessary  to  present  in  some  detail  the  various  types  of  rocks 
found  in  the  earth. 

The  first  question  naturally  arising  is  this:  What  is  a  rock? 
A  proper  definition  is  as  follows :  A  rock  is  any  material  making 
up  an  integral  part  of  the  earth ;  that  is,  any  substance  which  ex- 
ists in  large  enough  amount  to  be  considered  as  constituting  an 
essential  portion  of  the  globe.  This  definition,  however,  though 
a  strictly  scientific  one,  seems  rather  too  broad  for  our  present 
needs,  for  by  it  the  soils,  water,  ice,  and  all  the  soft  as  well  as 
hard  materials,  are  classified  under  one  great  head.  Here  we  are 
only  to  consider  the  hard  rocks,  or  stones,  and  have  use  for  no 
others.  The  definition  should  be  kept  in  mind,  nevertheless,  for 
there  is  no  well  defined  line  between  a  sand  and  a  sandstone,  a 
clay  and  a  shale,  or  a  gravel  and  a  conglomerate. 

The  rocks  of  the  earth  are  divided  into  three  grand  classes, 
as  follows: 

/.     The  Igneous  or  Massive  Roeks. 

II.  The  Atmospherie,  or  Stratified  Roeks. 

III.  The  Metamorphie,  or  Changed  Roeks. 

Let  it  be  understood  that  in  the  following  remarks  under 
classification,  the  chief  aim  has  been  to  present,  to  the  general 
reader  and  practical  worker,  a  irtere  outline  showing  how  rocks 
are  grouped.  It  is  utterly  impossible  to  describe  a  rock  without 
some  knowledge  of  minerals  on  the  part  of  the  reader,  hence  the 
following  brief  attempts  at  describing  each  rock  nuist  be  under- 
stood as  incomplete  and  greatly  limited  in  scope.  It  is  hoped 
the  descriptions  may  convey  some  ideas  to  the  practical  man  as  an 
aid  to  his  work,  as  well  as  act  as  references  for  the  rocks  to  be 
later  described. 


THE       IGNEOUS    ROCKS. 

The  Igneous  Rocks  are  those  made  by  the  agency  of  heat, 
that  is,  have  cooled  from  a  molten  condition.  They  are  also  call- 
ed the  massive  rocks,  because  of  their  structure,  which  is,  broadly 
speaking,  the  same  in  all  directions.  Also  the  term  eruptive 
is  applied  to  them,  because  of  their  origin  as  eruptive  molten 
masses.  These  rocks  occur  in  several  different  ways,  as  fol- 
lows : 

1.  Bat  halites,  or  those  immense  masses  of  igneous  rocks, 
as  granites,  which  form  the  axes  of  our  greatest  mountain 
ranges.  They  are  characterized  by  their  great  size,  their  evi- 
dent position  beneath  other  rocks,  and  the  fact  that  as  far  as  is 
known  they  descend  to  the  deep  interior  mass  of  the  earth. 

2.  Laccolites,  or  those  dome  shaped  rock  masses  which 
have  been  intruded  between  layers,  or  strata,  of  other  rocks, 
lifting  them  up  like  immense  blisters.  They  differ  from  bath- 
olites  mainly  in  the  fact  that  they  rest  upon  other  rocks  and 
are  smaller  in  size. 

3.  Sheets  or  Sills,  or  those  occurrences  of  igneous  rocks 
which  lie  between  other  rocks  as  mere  sheets,  or  on  top  of  them 
They  differ  from  laccolites  in  that  they  are  everywhere  of  about 
the  same  thickness  and  have  caused  no  doming  of  superin- 
cumbent rocks.  They  may  have  been  intruded  between  other 
rocks,  or  poured  out  upon  the  surface  as  lava  flows,  and  are 
usually  more  nearly  horizontal  than  vertical. 

4.  Dykes,  or  intrusive  masses  filling  fissures,  much  as  do 
mineral  veins.  These  dykes  usually  cut  across  other  rocks,  are  of 
^eat  length  on  the  surface  compared  with  their  width,  and  de- 
scending to  unknown  depths.  They  are  usually  more  nearly 
vertical  than  horizontal. 

5.  Irregular  Masses,  such  as  volcanic  necks,  which  are 
merely  the  hardened  lava  in  the  throat  or  pipe  of  an  extinct 
volcano,  standing  up  as  a  more  or  less  conical  mass  after  the 
wearing  away  of  the  soft  cone.  Also,  we  have  very  irregular 
l>odies  of  igneous  rocks  of  various  sizes  and  shapes  which  are 
intruded  into  overlying  rocks.  To  these,  for  lack  of  a  better 
name,  the  term  "stock"  is  applied.  As  a  grand  division,  the 
i^eous  rocks  are  those  from  which  all  others  are  derived. 

CLASSIFICATION. 

To  handle  this  subject  of  rock  classification  from  a  popular 
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standpoint  is  a  delicate  task.  The  principles  underlying  it  can 
only  be  partly  stated,  for  obvious  reasons.  A  knowldge  of  min- 
eralogy cannot  be  expected,  and  all  that  will  be  done  in  what 
follows  is  to  attempt  to  render  intelligible  in  the  simplest  pos- 
sible manner,  the  main  features  of  the  subject.  A  working 
knowledge  of  the  simpler  minerals,  as  quartz,  feldspar  and 
mica,  will  be  assumed. 

The  igneous  rocks  are  classified  along  two  lines.  First, 
chemically,  they  range  from  acid  to  basic,  with  all^  grad- 
ations between.  This  variation  results  in  the  formation  of  dif- 
ferent minerals,  so  that  the  chemical  rock  types  have  different 

appearances  Secondlyi  these  rocks  are  x:lassified  on  a  basis  of 
what  is  called  texture.  Those  which  have  cooled  at  great 
depths  from  a  molten  condition  have  done  so  slowly,  with  a 
result  that  they  are  thoroughly  crystallized,  often  coarsely  so. 
On  the  other  hand,  those  which  have  cooled  on  the  surface  and 
hence  quickly,  are  glassy,  at  times  being  a  simple  glass.  The 
thoroughly  crystalline,  deep  seated  rocks  are  called  plutonic, 
the  glassy,  surface  ones  are  called  volcanic.  Those  which  have 
cooled  and  solidified  a  short  way  below  the  surface  are  often 
spoken  of  as  dyke,  trap,  or  intermediate  rocks.  In  accordance 
with  these  two  lines  of  difference,  then  all  rocks  which  have 
solidified  from  a  molten  condition  are  classified.  It  will  be  not- 
iced that  there  are,  unfortunately,  two  kinds  of  intermediate 
rocks:  those  chemically  intermediate  and  those  occupying  a 
middle  position  on  the  basis  of  crystalline  texture.  However, 
when  an  intermediate  rock  is  mentioned,  one  of  the  latter 
kind  will  usually  be  meant,  or  a  dyke  rock.  The  meaning  of  the 
various  textures  may  be  looked  at  in  this  way.  A  granite,  for 
instance,  is  the  type  of  an  acid  plutonic  rock.  Mfelted  and 
cooled  rapidly  it  would  form  a  glassy  volcanic  rock,  and,  of 
course,  called  a  rhyolite.  Melted  and  cooled  more  slowly,  yet 
not  so  slowly  as  a  deep  seated  rock  looses  its  heat,  an  inter- 
mediate acid  type,  with  some  crystals  showing,  would  result. 
This  rock  would  be  called  a  quartz-porphyry.  A  more  basic 
plutonic  rock,  as  a  diorite,  when  similarly  treated  would  yield 
a  volcanic  adesite  and  a  dyke  phase  port>hyrite.  These  facts 
are  embodied  in  the  following  table,  in  which  only  the  few 
main  types  are  mentioned.  The  many  varieties  and  sub-types 
made  by  the  petrographer  are  not  necessary  in  such  a  report 
as  this. 
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COMPOSITION 

-rexxuRE                                    1 

PLUTONIC 

INTCRMCDIATC 

VOLCANIC 

Acid 

Granite 

Syenite 

Diorite 

Gabbro 

Peridotite 

Quartz- Porphyry 

Rhyolite 
Trachyte 

Intermediate 

Porphyry 

Porphyrite 

Andesite 

Basic 

Diabase 

Basalt 

Ultrabasic 

1.1  M  BU-RGUXE 

A  peculiar  fact  to  be  noted  about  these  rocks  is  this:  Of 
the  plutonic  rocks  the  acid  ones,  the  granites,  are  most  com- 
mcwi  throughout  the  earth,  while  of  the  volcanic  rocks  the 
basic,  the  basalts,  are  best  developed.  Another  fact  is  to  be 
noted  regarding  the  different  names.  For  reasons  not  neces- 
sary to  state  here  the  names  of  the  intermediate  rocks,  quartz- 
ix>rphyry,  porphyry  and  porphyrite,  are  being  dropped,  and  the 
volcanic  terms  used  to  cover  them.  For  example,  andesites  and 
I)orphyrites  are  called  merely  andesites. 

THE  INDIVIDUAL  ROCKS 

PLUTONIC. 

All  wholly  crystalline,  often  coarsely  so. 

1.  Granite:  The  granite  family  consists  of  acid  rocks, 
wholly  crystalline  with  a  coarse  to  medium  fine  grain,  and  of  a 
grayish  or  reddish  color.  Free  quartz,  in  colorless  crystals,  at 
times  tinged  bluish  or  reddish,  is  always  present.  Also  a 
white  or  reddish  feldspar,  usually  clouded  with  other  whitish 
substances,  and  some  dark  mineral,  as  brown  mica,  are  to  be 
seen.  In  some  rarer  granites  only  a  white  mica,  besides  the 
quartz  and  feldspar,  is  present.  The  granites  are  the  most 
easily  determined  of  all  the  igneous  rocks,  and  can  be  confused 
only  with  one  other  kind.  The  feldspar  of  a  true  granite  con- 
tains potash,  and  is  comparatively  acid.  A  rock  very  similar  to 
a  granite,  a  diorite  with  free  quartz,  differs  only  in  the  nature 
of  the  feldspar,  which  contains,  in  place  of  potash,  soda  and 
lime,  making  it  more  basic.  To  the  eye  of  any  one  but  a 
trained   observer,   the  two   rocks   appear   precisely   the     same, 

«ihowing  colorless  quartz,  white  feldspar  and  some  dark  min- 
eral. This  diorite  with  quartz  is  called  a  granite-diorite,  grano- 
diorite,  or  quartz-diorite. 

2.  Syenite.     The  syenite  family  may  be  briefly  character- 
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ized  as  granites  without  quartz.  They  are  comparatively  rare 
rocks,  especially  in  the  western  part  of  the  United  States.  In 
color  they  vary  about  as  do  the  granites,  from  shades  of  gray 
to  pinkish  or  reddish  tints.  The  minerals  are  siniiply  feldspar 
and  some  dark  colored  ones,  as  mica  or  hornblende. 

3.  Diorite.  Of  this  family  the  quartz  bearing  variety, 
i^rano-diorite,  has  alreadv  been  mentioned.  The  other  vari- 
eties  are  without  quartz  and  more  basic  than  syenites,  and 
have  about  the  same  grain  as  the  granites  and  syenites,  though 
averaging  a  little  finer.  The  fresh  rocks  are  gray  in  color 
typically,  but  darker  than  the  above  mentioned  types,  and  show 
a  white  feldspar  with  some  dark  mineral,  usually  hornbleiidc. 

4.  Gabbro.  The  gabbro  family  is  the  most  basic  of  the 
normal  plutonic  rocks,  which  are  of  complex  nature.  These 
rocks  are  often  coarser  in  grain  than  any  yet  mentioned,  the 
individual  crystals  at  times  being  an  inch  or  so  in  diameter.  In 
general  their  color  is  grayish,  often  with  a  dark  olive  green 
tinge.  Other  colors  are  black,  brown,  green  and  in  some  vari- 
eties white.  The  minerals  present  are  a  white  feldspar,  often 
with  a  greenish  stain,  and  some  dark  mineral  which  may  be  dark 
green,  brown  or  black.  Some  types  are  wholly  feldspar,  and 
white  in  color.  The  gabbros  are  rare  rocks,  particularly  in  this 
western   region. 

5.  Peridotitcs.  These  rocks  are  a  peculiar  family  com- 
IK)sed  entirely  of  dark  minerals.  The  feldspars  are  typically 
absent,  hence  the  rocks  are  called  ultra-basic,  for  the  dark  min- 
erals are  usually  black,  with  sometimes  a  tinge  of  green.  They 
alter  as  a  rule  to  the  common  mineral  and  rock  known  as 
serpentine. 

intermediath:   rocks. 

These  rocks,  with  the  exception  of  the  diabases,  show  what 
is  called  porphyritic  texture.  As  far  as  appearances  are  con- 
cerned, this  texture  causes  the  rocks  to  show  well  developed 
crystals  of  some  mineral  set  in  a  paste  of  fine  grained  material 
which  usually  cannot  be  resolved  into  its  component  parts  by 
the  unaided  eye.  This  fine  grained  paste  is  called  the  ground 
mass;  the  well  formed  crystals  set  therein  are  termed  pheno- 
cr>'sts.  To  the  naked  eye  the  different  kinds  of  these  intermedi- 
ate rocks  are  distinguished  by  the  occurrnce  of  certain  miner- 
als in  well  developed  crystals  and  also  by  the  color  and  general 
appearance  of  the  ground  mass. 
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They  are  as  follow? : 

1.  Quart::'porphyry.  In  this  rock  are  seen  crystals  of 
clear  colorless  quartz,  with  sometimes  feldspar  and  mica,  all  set 
in  a  ground  mass  of  various  shades,  from  almost  black,  but  sub- 
transparent,  through  shades  of  red,  pink  and  grayish.  This 
ground  mass  varies  in  grain,  from  that  which  looks  like  an 
exceedingly  fine  grained  granite  to  apparently  almost  glassy. 
However,  as  with  the  granites,  free  quartz  is  characterictic. 
Where  the  ground  mass  is  noticibly  granite-like  though  very 
fine  in  grain,  the  rock  is  called  a  granite  porphyry. 

2.  Porphyry.  Often  this  rock  is  called  an  orthoclase 
ix>rphyry  or  syenite  porphyry,  depending  upon  coarseness  of 
grain.  The  relations  between  this  rock  and  syenite  is  precisely 
that  existing  between  quartz  porphpry  and  granite.  Also  por- 
phyr>'  and  quartz  porphyry  are  connected  in  the  same  way  that 
syenite  and  granite  are.  Free  quartz  is  absent,  and  the  minerals 
appearing  as  phenocrysts  are  feldspar,  typically  the  potash  var- 
iety, orthoclase.  with  often  mica  or  hornblende.  .When  the 
ground  mass  appears  fine  crystalline  to  the  unaided  eye  the 
rcok  may  be  called  a  syenite  porphyry.  As  a  rule  the  rock 
looks  much  the  same  as  quartz  p)orphyry,  diflFering  in  that  free 
quartz  is  absent  and  replaced  by  white  or  glassy  feldspar. 

3.  Porphyrite,  These  rocks  are  the  chemical  equals  of  the 
rliorites,  but  having  cooled  near  the  surface,  lack  their  crystalline 
texture.  They  are  usually  much  darker  rocks  than  the  preced- 
ing, showing  well  developed  crystals — phenocrysts — of  typical- 
ly a  dark  mineral,  but  sometimes  a  white  feldspar,  in  a  dark 
gray,  dark  green,  or  even  black,  ground  mass.  As  with  the 
first  two  types  of  intermediate  rocks,  when  the  ground  mass 
appears  finely  crystalline  we  may  have  a  diorite  porphyry. 
These  rocks  often  assume  a  reddish  hue  when  weathered. 

4.  Diabases.  These  rocks  are  the  equivalent  of  the  gab- 
bros,  occuring  typically  as  dykes  and  laccolites.  They  con- 
stitute the  greatest  body  of  dyke  forming  rocks  known.  They 
are  seldom  porphyritic,  diflFering  from  the  preceding  but  are 
wholly  crystalline,  appearing  on  casual  observation  like  fiitie 
grained  diorites.  There  are,  however,  some  diflFerences  of  note. 
As  with  the  diorites  they  are  composed  of  a  light  mineral  and 
a  dark  one,  but  the  dark  one  usually  has  a  dark  gfreen  tinge  and 
a  greasy  luster  seldom  present  in  the  black  mineral  of  the 
diorites.     Also,  the  white  feldspar  in  the  true  diabases  is  seen  to 
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he  in  well  formed  crystals  with  the  dark  mineral  crystallized 
around  and  between.  The  reverse  is  true  with  the  other  whoUv 
crystalline  rocks ;  the  black  mineral  shows  the  best  crystal  form, 
with  the  white  feldspar  in  the  spaces  between. 

V0I.CANIC    ROCKS. 

These  rocks  constitute  the  lavas,  or  surface  flows  of  molten 
rock.  In  texture  they  range  from  porphyritic  to  glassy;  chem- 
ically they  cover  the  same  range  as  the  plu tonic  rocks,  from  acid 
to  basic.  The  common  term  **obsidian'  means  a  volcanic  glass 
of  any  chemical  constitution  whatever.  Being  cooled  lava 
flows  they  often  show  what  are  called  flow  or  fluxion  lines. 
Their  varieties  are  below,  and  it  is  to  be  remembered  that  these 
names  are  now  used  to  cover  both  volcanic  and  intermediate 
types  of  rocks. 

1.  Rhyolite,  These  rocks  are  the  most  acid  of  the  lavas, 
corresponding  chemically  to  the  granites.  In  color  they  are 
usually  various  shades  of  white,  gray,  blue,  pink  or  green,  but 
are  always  of  light  tints  except  the  obsidians,  which  may  ap- 
pear dark.  When  porphyritic,  they  look  like  quartz-porphyries, 
into  which  they  shade  by  insensible  gradations,  always  showing 
free  quartz.  When  no  crystals  of  any  kind  are  to  be  seen,  yet 
if  the  rock  is  not  all  glass,  their  typical  white  or  whitish  color 
serves  to  distinguish  them.  The  old  term  felsite  is  often  given 
to  these  white  varieties  which  are  too  fine  grained  to  show  any 
well  formed  crystals. 

2.  Trachyte.  The  trachytes  are  much  like  the  rhyolites 
in  appearance,  but  diflFer  in  showing  no  free  quartz.  The  only 
minerals  showing  are  typically  white  or  glassy  feldspar  with 
sometimes  a  small  amount  of  the  darker  varieties.  They  have 
usually  a  characterictic  rough  feel,  hence  the  name  trachyte, 
which  means  rough.  Specifically,  their  color  is  often  white, 
varying  to  shades  of  pinkish  white  or  green.  The  whiteness  is 
more  pronounced  than  in  the  rhyolites  because  of  the  absence  of 
glassy  quartz.  The  trachyte  obsidians,  like  the  rhyolitic  ones, 
are  darker,  often  black  in  large  fragments.  The  family  as  a 
whole  is  a  rare  one. 

Andesite,  This  family  of  rocks  is  much  darker  than 
the  two  volcanic  groups  already  mentioned.  The  color  ranges 
from  a  fairly  light  gray  to  a  black,  a  dark  gray  being  an  average 
hue.  The  well  formed  crystals — ^the  phenocrysts — show 
*^^th  light  and  dark  in  color.     Some     andesites     show     black 


crystals  in  a  light  g^ay  ground  mas^,  while  others  show  white 
feldspars  in  a  dark  gray  or  black  ground  mass.  In  some  vari- 
eties the  feldspars  are  glassy,  resembling  quartz  on  cursory  in- 
spection. Quartz  does  occur  in  one  variety,  known  as  dacite 
This  rock  bears  the  same  relation  to  an  andesite  that  a  quartz- 
diorite  does  to  a  diorite.  At  time  an  andesite  shows  no  crystals 
to  the  unaided  eye,  when  its  color  is  nearly  black,  much  like  a 
basalt.  A  noteworthy  fact  is  that  these  rocks  tend  to  weather  a 
dark  red  color,  due  to  the  iron  oxide  formed  by  atmospheric  agen- 
cies. 

4.  Basalt.  These  common  volcanic  rocks  are  prevailingly 
black  or  nearly  so.  They  show  discemable  crystals  less  oftjen 
than  the  above  types,  and  are  usually  finer  grained  and  more 
homogeneous  in  appearance.  However,  in  some  common  var- 
ieties small  grains  of  a  light  greenish  mineral  appear  on  close 
inspection — ^the  mineral  olivene — and  again,  at  times  crystals  of 
black  color  are  apparent  in  the  dark  ground  mass.  A  feature  of 
these  rocks  and  of  the  andesites  as  well,  is  the  weathering  or 
spliting  into  so-called  "basaltic  columns.'  The  rock  mass  parts 
01  cleaves  into  long  prisms,  roughly  hexagonical  in  cross  section, 
forming  a  cluster  of  natural  columns. 

5.  Limburgite.  This  rare  and  unimportant  family  of  vol- 
canic and  intermediate  rocks  is  mentioned  merely  to  complete 
the  account  of  the  massive  igneous  rocks.  This  family  is  com- 
I>osed  entirely  of  dark  minerals  set  in  a  paste  of  the  same  or  of 
glass  with  identical  chemical  composition.  The  color  therefore 
is  black  or  greenish  black  when  fresh,  weathering  to  a  dark  red. 

THE   TUFFS   AND   AGGLOMERATES. 

Thus  far  have  been  listed  only  the  massive  igneous  rocks ; 
there  is  a  minor  group  of  rocks  formed  by  fire  agencies,  of 
much  less  geological  importance,  but  of  considerable  value  as 
building  material.  This  group  is  constituted  by  the  f ragmen tal 
igneous  rocks,  or  tuffs    and  agglomerates. 

I.  Tuffs.  These  rocks  are  volcanic  ashes  and  cinders 
more  or  less  consolidated  into  firm  stone.  They  are  composed 
of  finely  divided  glassy  substances,  rock  fragments  of  the  vari- 
ous igneous  rocks,  and  often  with  mineral  grains  and  large 
pieces  of  stone.  They  are  named  in  accordance  with  the  chem- 
ical family  to  which  they  belong.  Thus,  there  are  (i)  rhyolite 
tuflFs;  (2)  trachyte  tuflFs;  (3)  andesite  tuflFs,  and  (4)  basalt 
tuflFs.    The  rhyolite  tuflFs  are  most  common. 
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2.  Breccia.  This  variety  of  fragmental  rock  is  composed 
of  pieces  angular  in  shape  and  varied  in  size,  usually  of  only  one 
kind  of  rock.  They  differ  from  tuflFs  in  that  they  are  not  ashes, 
but  made  up  of  rock  fragments  of  some  size,  and  have  origin- 
ated either  by  the  explosive  action  of  a  volcano  or  the  crushing 
effect  of  pressure  exerted  in  the  earth's  crust.  The  fragments 
are  usually  cemented  by  a  paste  of  the  same  material,  finer  in 
grain. 

3.  Agglomerate.  This  rock  is  most  simply  described  as  a 
mixture  of  various  kinds  of  volcanic  rocks  in  the  form  of  semi- 
angular  or  rounded  boulders,  small  pieces  and  even  ashes. 
Many  agglomerates  are  hardened  volcanic  mud  containing  stones 
like  plums  in  a  pudding.  The  term  is  agglomerate^  to  distin- 
guish it  from  conglomerate,  which  latter  term  is  applied  to 
consolidated  gravels  deposited  by  water.  Both  names  mean, 
however,  a  mixture  of  materials. 

THE    ATMOSPHERIC     ROCKS. 

This  grand  division  of  the  rocks  embraces  those  which  owe 
their  formation,  directly  or  indirectly,  to  the  decomposing  action 
of  atmospheric  forces  on  previously  existing  rocks.  Their 
structure  is  that  called  stratified,  meaning  in  beds  or  layers.  The 
whole  division  is  often  called  the  stratified  rocks.  But  as  all  the 
varieties  are  not  truly  stratified,  the  term  is  not  all  embracing. 
In  general  there  are  two  primary  divisions  of  these  rocks,  of 
very  unequal  importance.    They  are  as  follows: 

/.     Bolian  or  zinnd  formed  rocks. 
II.     Aqueous  or  zvater  formed  rocks, 

1.  Eolian  rocks.  These  rocks  are  of  no  importance  in 
the  present  connection,  and  will  be  dismissed  with  a  few  words. 
They  consist  mainly  of  those  materials  piled  up  by  the  wind, 
such  as  the  sand  dunes  of  our  coasts.  Their  recent  deposition 
and  geological  youth  prevent  any  great  amount  of  consolidation, 
hence  the  group  needs  no  further  mention. 

2.  Aqueous  rocks.  This  group  is  often  called  the  sedi- 
mentary, because  they  are  largely  composed  of  sediments  de- 
posited by  water  action.  The  name  is  misleading,  for  they  are 
not  all  sedimentary  in  origin.  It  can  be  stated,  however,  that 
they  have  been  deposited  in  or  by  water.  The  materials  com- 
posing them  are  (i)  the  -residue  from  the  waste  of  other  rocks 
and  derived  directly  from  them;  and   (2)  that  material  derived 
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from  other  rocks  by  their  decomposition,  held  in  solution  in 
water,  and  deposited  either  by  the  action  of  living  organisms  or 
by  chemical  precipitation.  Therefore  under  this  head  come 
two  divisions: 

a.  Sedimentary  Rocks. 

b.  Organic  and  Chemical  Rocks. 

Under  the  action  of  the  atmosphere  a  rock  breaks  down  in- 
to soft  incoherent  material  by  the  leaching  out  and  removal  of  its 
soluble  parts,  leaving  an  insoluble  residue.  Thus  a  granite  dis- 
int^rates  into  a  sandy  soil,  mostly  quartz  and  feldspar, 
moistened  with  alkaline  water.  Ultimately  nothing  is  left  but 
quartz  and  clay,  stained  with  iron  oxide  and  containing  water 
alkaline  with  potash,  soda  and  lime.  In  general  it  may  be  stated 
that  quartz  and  clay  are  the  two  least  soluble  minerals  com- 
monly encountered,  and  hence,  singly  or  together,  mark  the  end 
of  the  decomposition  of  any  rock.  It  is  to  be  noted  that  from  all 
rocks  except  the  most  acid  lime  is  washed  out  as  well  as  potash 
and  soda,  and  the  more  basic  the  rock  usually  the  more  lime. 
The  alkalies  play  no  particular  part  in  rock  building  but  the  lime 
does.  Hence  m  this  brief  and  popular  exposition  it  may  be  con- 
sidered that  a  decomposed  rock  will  yield  quartz  sand,  clay  and 
a  solution  of  lime.  The  metallic  oxides,  such  as  iron  and  man- 
ganese, reman  as  coloring  materials  merely,  and  are  of  no  es- 
sential importance.  However,  as  few  rocks  break  down  into  their 
ultimate  products  before  being  consodidated  into  new  rocks,  we 
may  expect  to  find,  and  do  find,  nearly  all  aqueous  rocks  to  be 
neither  pure  quartz,  pure  clay,  nor  pure  lime.  Keeping  these 
few  facts  and  causes  in  mind,  the  principle  varieties  will  illustrate 
their  results. 

SEDIMENTARY     ROCKS. 

1.  Conglomerates,  These  rocks  are  consolidated  gravels, 
resulting  from  the  wear  and  tear  of  waves  and  currents  upon 
preexisting  rocks.  The  material  composing  them  consists  of 
rounded  fragments  of  various  sizes,  often  cemented  by  finer 
material  of  like  nature.  These  pebbles  or  boulders,  as  the  case 
may  be,  are  often  of  various  kinds  of  rocks,  while  again  they  may 
be  all  of  one  sort. 

2.  Sandstones.  The  name  of  these  rocks  explains  their 
nature;  a  stone  built  up  of  grains  of  sand.  The  ideal  sandstone 
is  composed  of  grains  of  pure  quartz,  representing  the  last  stage 
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of  decay  of  preexisting  rocks.  But  as  most  sand  is  not  pure 
quartz,  neither  is  most  sandstone  of  pure  quartz  grains.  As  a  re- 
sult, these  rocks  have  a  variety  of  colors,  depending  ^pon  the 
materials  present.  The  most  common  Uiimrals  are  quartz,  feld- 
si  ar,  mica  P  'kes,  garnet  and  many  oilier  dark  kin.i*?.  There  is 
also  another  important  quality  of  sandstones.  Such  rocks  are 
composed  of  a  mass  of  grains  of  sanu,  >»1  in  and  ccviied  bv 
some  other  substance.  The  three  important  cementing  mater- 
ials are  (i)  silica  or  quartz;  (2)  Hme,  and  (3)  iron  ozide.  Com- 
binations of  these  may  occur.  The  first  will  give  a  more  glassy 
appearance  to  the  rock  and  the  color  will  be  nearest  to  that  of 
the  original  sand  grains.  The  second  will  give  the  rock  a  white 
color  as  a  rule ;  the  third  will  give  the  stone  that  red  color  so  de- 
sired for  architectural  purposes. 

3.  Clay  Rocks,  The  one  rock  name  necessary  to  name 
under  this  head  is  shale.  A  clay  or  mud,  when  hardened  by 
natural  processes,  becomes  a  shale.  A  pure  clay  makes  a  pure 
shale ;  a  sandy  clay  a  sandy  shale,  and  so  on,  with  all  gradations 
into  the  sandstone.  These  rocks  are  of  no  value  whtever  for  the 
purposes  of  this  report,  but  the  clay  rocks  mentioned  under  the 
last  grand  division  of  the  metamorphic  rocks,  the  well  known 
slates,  are  very  important. 
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ORGANIC    AND    CHEMICAL    ROCKS. 

There  are  only  two  varieties  of  these  rocks  of  any  parti- 
cular value  in  this  discussion.    They  are  these : 

/.     Siliceous  Rocks. 
II.     Lime  Rocks. 

Both  owe  their  origin  to  the  fact  that  certain  minute  animals 
secrete  either  lime  or  silica  from  the  water,  and  on  dying  their 
remains  accumulate  in  certain  places  to  form  rocks.  Also  chemi- 
cal reactions  play  a  part  in  accumulating  both  kinds  of  sub- 
stances. The  first,  or  siliceous  rocks,  are  formed  largely  by  the 
growth  and  depth  of  certain  low  forms  of  life,  as  sponges;  the 
second  are  due  in  large  part  to  the  well  known  coral  polyp. 

I.  Siliceous  rocks  or  cherts.  These  rocks  are  very  fine 
grained,  sometimes  almost  glassy  in  appearance,  and  of  various 
colors  from  white  to  red,  green  and  black.  They  are  well  known 
under  the  name  flint  or  chert.  The  fact  that  they  are  seldom 
pure  silica  results  in  their  various  shades  of  color.    They  are  of 


.^iS2&L 


no  use  as  building  stones,  but  some  have  achieved  success  as 
road  metal. 

2.  Lime  rocks  or  Utnestones,  Under  this  head  come  the 
limestones,  so  well  known  to  everyone.  In  color  they  vary  from  a 
pure  white  through  the  grays  to  a  dead  black,  the  black  being  due 
to  carbonaceous  material.  The  texture  varies  from  a  medium 
coarse  grain  to  very  fine  or  compact,  that  is,  showing  no  crystal 
forms  to  the  naked  eye.  The  crystalline  varieties  are  least  com- 
mon, and  are  not  marbles,  which  are  metamorphic  rocks.  The 
crystals  of  the  limestone  are  due  to  simple  solution  and  redeposi- 
tion,  while  the  marbles  owe  their  crystalline  texture  to  other 
causes.  A  drop  of  a  weak  acid  will  always  serve  to  identify  the 
hme  rock,  as  a  bubbling  of  gas  is  caused. 

METAMORPHIC    ROCKS. 

In  this  division  is  treated  those  rocks  which  have  been 
changed  from  their  original  condition  by  heat  and  pressure  into 
new  ionn%.  They  are  derived  from  both  the  igneous  and  at- 
mospheric rocks.  Geolc^cally  they  constitute  an  extremely 
important  and  interesting  class;  economically  they  are  of  little 
value.  A  few  statements  will  serve  to  distinguish  the  main 
types.    They  will  be  taken  up  in  the  following  order : 

/.     Gneisses  and  Schists. 

JL    Slates  and  Quart zites, 

///.     Marbles  and  rocks  altered  chemicailly, 

GNEISSES   AND    SCHISTS. 

The  gneisses  are  usually  rather  coarsely  crystalline  rocks 
which  show  a  laminated  or  banded  structure  due  to  a  flowage 
under  pressure.  In  mineral  content  they  correspond  in  most 
cases  with  the  plutonic  rocks,  differing  from  them  in  the  evident 
structure.  A  few  varieties  are  derived  from  the  atmospheric 
rocks,  as  conglomerates  and  sandstones.  The  banded  structure 
if  made  evident  by  the  arrangement  of  minerals  in  more  or  less 
parallel  planes.  The  colors  vary  precisely  as  do  the  colors  in  the 
rocks  from  which  the  gneisses  have  been  derived.  The  different 
varieties  are  named  in  a  general  way  from  the  rock  from  which 
the  gneiss  has  originated  or  resembles  most  closely.  For  in- 
stance, there  are  granetic  gneisses,  syenitic  gneisses,  conglom- 
erate gneisses  an  so  on. 

The  schists  are  similar  to  the  gneisses  in  that  they  are  banded 
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or  laminated,  but  differ  in  that  these  laminations  are  much  finer, 
giving  the  rocks  the  power  of  splitting  along  fairly  parallel 
planes.  With  an  elimination  of  fine  distinctions,  then  the 
schists  are  finely  laminated  or  foliated  rocks  rather  fine  in  grain, 
with  mineral  content  roughly  parallel  to  that  of  the  gneisses  and 
hence  to  the  plutonic  rocks.  Their  most  obvious  difference  from 
the  gneisses,  into  which  they  grade,  is  in  their  finer  banding.  In 
color  they  range  from  white,  in  the  quartz  schists  to  black  in  the 
basic  varieties.  They  are  named  from  the  dominent  mineral 
showing,  which  minral  is  usually  arranged  in  more  or  less  par- 
allel layers,  and  causing  the  rock  to  split  readily  along  these 
planes.  The  schists  are  derived  both  from  the  igneous  and  the 
atmospheric  rocks.  The  two  chief  varieties  are  the  mica-schists, 
showing  bands  of  brown,  black  or  white  mica,  and  the  honi- 
blende-schists,  otherwise  called  amphibolite-schists  or  greenstones. 
None  of  these  are  of  particular  value  in  this  paper. 

SLATES     AND     QUARTZITES. 

When  an  ordinary  clay  rock,  or  shale,  is  squeezed  under 
pressure,  as  often  happens  in  mountain  regions,  it  is  made  to 
flow  at  right  angles  to  this  pressure.  Certain  molecular  changes 
set  up  in  the  mass  cause  it  to  assume  a  structure  which  results 
in  its  splitting  easily  along  parallel  planes  into  thin  slabs.  This 
structure  is  called  slaty  structure,  the  cleavage  is  slaty  cleavage, 
and  the  rocks  themselves  are  slates.  They  are  formed  in  similar 
manner  from  igneous  rocks  also.  The  typical  slate  is  not  crystal- 
line; some  varieties  show  incipient  crystallization  and  shade  by 
insensible  gradations  into  the  schists.  Their  economic  import- 
ance is  too  well  known  to  need  discussion. 

The  quartzites  are  rocks  composed  chiefly  of  silica,  ar 
quartz.  They  have  usually  been  derived  from  siliceous  rocks, 
as  quartzose  sandstones,  by  the  addition  of  more  silica,  binding 
the  whole  into  a  hard,  compact  mass.  Geologically  no,  old  sand- 
stones frequently  are  converted  into  quartzites  by  long  continued 
action  of  heat  and  moisture.  Quartz  schists  and  quartzite 
gneisses,  and,  in  fact,  all  metamorphic  rocks  mainly  silica,  come 
under  this  head. 

MARBLES   AND    CHEMICALLY    ALTERED    ROCKS. 

The  marbles,  properly  speaking,  are  those  rocks  which  have 
been  derived  by  the  crystallization  of  the  limestone  by  the  ac- 
tion of  heat  and  moisture  with  perhaps  pressure.  They  arc 
ofter  of  coarser  grain  than  the  crystalline  limestones.    The  pure 
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varieties  are  white  in  color,  composed  entirely  of  lime,  or  lime 
and  magnesia.  When  made  from  impure  limestones  the  impur- 
ities crystallize  out  as  other  minerals,  of  varying  shades  from 
white  through  reds  and  greens  to  black.  The  purer  Varieties  of 
marble,  which  are  of  value  for  ornamental  stones,  are  of  even 
grain,  the  crystals  showing  shining  faces.  The  test  with  acid 
always  serves  to  identify  these  rocks.  It  is  to  be  noted  that 
there  are  two  kinds  of  limestones ;  ( i )  those  composed  entirely  of 
lime,  and  (2)  those  composed  of  lime  and  magnesia.  The  sec- 
ond, or  lime-magnesia  rocks,  are  called  dolomites,  or  dolomitic 
limestones,  when  only  a  small  percentage  of  magnesia  is  present. 
In  appearance  there  is  usually  no  differense ;  the  dolomites  are 
less  acted  upon  by  a  cold  dilute  acid. 

The  serpentines  are  a  group  of  chemically  altered  rocks  of 
light  or  dark  green  to  greenish  black  color,  and  usually  of  very 
fine  grain.  Sometimes  well  formed  crystals  with  shiny  surfaces 
are  seen  set  in  the  finer  material.  These  rocks  have  resultd  from 
the  chemical  addition  of  water  to  the  peridotiles.  or  ultrabasic 
plutonic  rocks.     They  are  of  some  value  as  ornamental  stones. 

Steatite,  better  known  as  talc  and  soapstone,  is  also  a 
chemically  altered  rock,  similiar  to  serpentine.  In  color  the 
pure  varieties  are  greasy  white,  often  with  a  light  greenish  tinge. 
They  are  best  known  by  their  greasy  feel.  Other  types  of  these 
altered  rocks  exist,  but  none  of  importance  in  this  place.  Steatite 
is  often  used  for  furnace  foundations  and  other  places  where  a 
fire  proof  material  is  needed. 

This  subject  of  rock  classification  is  one  of  greal  complex- 
ity and  difficulty,  particularly  in  regard  to  the  grand  division 
of  the  igneous.  Necessarily  the  matter  has  been  presented  as 
one  concerned  with  hard  and  fast  rock  varieties,  with  more  or  less 
fixed  differences.  This  is  not  so,  for  there  are  no  well  defined  lines 
separating  any  of  the  various  rock  types,  yet  after  all,  it  is  the 
types  which  are  of  particular  value  here,  and  not  the  finely  drawn 
conditions  and  conclusions  of  petrography. 
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CHAPTER  III. 

QUALITIES   OF    BUILDING    STONES. 

This  chapter  is  divisable,  by  reason  of  its  nature,  into  three 
parts.  One  speaks  of  the  qualities  of  a  certain  stone,  with  its 
consequent  value  for  architectural  purposes.  These  qualities  are 
of  value,  first,  because  of  the  inherent  power  of  the  stone  to  re- 
sist those  changes  which  tend  to  impair  its  usefulness,  and 
second,  because  of  the  resultant  appearance  of  the  rock.  These 
characteristics  are  estimated  in  a  number  of  ways.  Hence,  the 
divisions  of  this  chapter  are  as  follows:  First,  an  account  of 
the  many  possible  changes  to  which  a  building  stone  may  be 
subjected ;  second,  a  description  of  the  features  which  govern 
these  changes;  and  third,  a  brief  notice  of  the  ways  in  which 
these  these  qualities  are  estimated.  The  treatment  of  all  this 
will  be  brief,  a  full  discussion  being  reserved  for  a  detailed  re- 
port to  be  issued  at  a  later  date. 

CHANGES    IN    ROCKS. 

These  will  be  discussed  under  the  following  outline : 
A — Physical  Changes,  due  to 

I.  Temperature  changes. 

II.  Mechanical  wear  and  tear. 

III.  Effect  of  pressure. 
B — Chemical  Changes,  due  to 

I.  Atmospheric  solution. 

II.  Decomposition  of  certain  minerals. 

PHYSICAL    CHANGES. 

I.  Temperature,  The  results  under  this  division  are  of 
two  .sorts,  and  due  to  different  qualities  in  any  particular  stone 
The  first  are  those  results  produced  by  the  alternate  expansion 
and  contraction  of  a  rock,  and,  of  course,  of  its  component  min- 
erals, due  to  heat  and  cold.  This  process  is  the  most  important 
method  of  rock  disintegration  in  regions  of  little  moisture,  as  in 
our  typical  deserts  of  the  west.  During  the  day  the  stone  be- 
comes warm,  or  even  hot,  and  expands.  At  night  the  temper- 
ature lowers,  the  stone  contracts,  and  the  changes  being  usually 
rather  sudden  and  of  unequal  amounts  in  all  directions,  chips  of 
rock  fly  off.  The  Indians  use  this  principle  in  manufacturing 
arrowheads.     After  heating  a  suitable  fragment  in  a     fire,     by 
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touching  any  desired  portion  with  a  drop  of  cold  water,  un- 
equal contraction  is  produced  and  a  small  piece  chips  off.  In. 
r^ons  of  equable  temperature,  as  along  the  western  coasts,  lit- 
tle is  to  be  feared  from  such  action;  in  Nevada,  where  the  daily 
changes  are  often  pronounced,  some  importance  is  to  be  attached. 
The  mineral  composition  and  texture  of  a  building  stone  largely 
determine  how  greatly  it  shall  be  so  acted  upon.  The  loose  tex- 
tured f ragmen tal  rocks  suffer  least,  because  of  their  ability  to 
take  up  without  rupture  small  inequalities  of  motion  in  their 
mass.  The  massive  igneous  rocks  suffer  most  because  of  their 
internal  rigidity  and  the  fact  that  each  one  of  the  constituent 
minerals  expands  and  contracts  differently  from  the  others.  The 
volcanic  or  partly  glassy  igneous  rocks  are  probably  most  liable 
to  such  disintegration,  the  plutonic,  because  of  their  inter- 
locking grains,  are  less  so. 

The  second  result  from  temperature  changes  is  due  to  the 
freezing  of  included  water.  All  rocks  are  porous  to  a  greater  or 
less  extent,  the  crystalline  least  of  all  and  the  fragmental  most 
so.  Also  the  tendency  of  all  rocks  to  break  into  large  fragments 
or  masses,  often  rudely  regular  in  shape,  by  means  of  parallel 
cracks,  or  joint  planes,  as  they  are  called,  allows  water  to  act  in 
this  way.  The  massive  rocks  especially  are  subject  to  jointing 
action,  which  may  be  either  on  a  large  scale  or  a  very  minute 
one.  In  some  instances  these  joints  become  apparent  only  on  the 
weathering  of  the  stone.  Water,  penetrating  the  free  spaces  and 
cracks  in  rocks  on  freezing  expands,  and  exerts  a  tremendous 
force  acting  to  disrupt  the  material. 

2.  Medtanical  wear  and  tear.  The  conditions  under 
which  a  stone  is  to  be  used  determines  very  largely  the  changes 
coming  under  this  head.  Stones  for  paving,  for  tiling,  for  floors, 
and  for  walks,  all  must  be  chosen  to  resist  the  constant  wear  of 
pressing  feet  and  vehicles.  Rocks  for  curbing,  subject  to  hard 
knocks  and  the  rubbing  of  wagon  tires,  must  be  had  resistant  to 
such  abrasion.  Such  stones  should  be  homogeneous  and  without 
flaws,  otherwise  disastrous  breakage  may  occur.  Two  less  im*- 
portant  considerations  in  this  connection  yet  of  too  great  value  to 
omit,  are  (i)  the  action  of  wind,  bearing  sand  and  other  parti- 
cles, on  the  rock  of  a  building;  and  (2)  the  erosive  and  wearing 
effects  of  water,  particularly  in  a  country  of  consdierable  rain- 
fall. The  hardness,  toughness  and  texture  of  a  building  material 
govern  its  strength  or  weakness,  of  which  more  will  be  stated 
further  on. 
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3.  Effects  of  pressure.  The  most  important  consideration 
here  is,  obviously,  the  fact  that  a  stone  selected  for  purposes  of 
construction  must  be  sufficiently  strong  to  withstand  all  the  force 
applied  to  it.  For  buildings  not  of  large  size  the  average  stone 
has  strength  far  above  that  required ;  in  large  structures  some 
attention  must  be  paid  this  factor  of  utility.  The  effect  of  pres- 
sure or  strain  on  a  rock  is  that  of  crushing,  each  variety  of  build- 
ing material  having  its  own  crushing  strength,  as  it  is  called. 
These  figures,  expressed  in  pounds  per  square  inch  mean  the 
force  necessary  to  crush  a  cube  one  inch  on  an  edge.  Some 
average  figures  are  as  follows : 

Granite — 15,000  to  40,000  pounds  per  square  inch. 
Volcanics — 10,000  to  30,000  pounds  per  square  inch. 
Marble — 15,000  to  25,000  pounds  per  square  inch. 
Sandstone— 4,000  to  8,000  pounds  per  square  inch. 
Tuffs — 2,000  to  6,000  pounds  per  square  inch. 

Results  both  above  and  below  these  are  often  obtained,  the 
hardest  granite  and  rhyolite  showing  a  strength  of  about  50,000 
pounds  per  square  inch  of  surface,  while  other  varieties  will 
crush  at  a  pressure  of  10,000  or  12,000  pounds,  or  even  less.  In 
use,  a  factor  of  safety,  usually  of  from  six  to  ten,  is  employed. 
But  there  is  more  to  the  crushing  strength  of  stone,  however. 
An  important  relation  exists  between  the  strength  of  a  building 
material  and  its  structure.  A  limestone  or  sandstone,  for  in- 
stance, is  much  more  able  of  sustaining  a  given  load  when  laid 
parallel  to  its  bedding  plane.  It  is  a  well  known  tenet  of  the 
masonry  trade  that  a  stone  should  never  be  laid  on  edge,  par- 
ticularly one  of  the  sedimentary  or  laminated  rocks.  The  same 
holds  good  in  the  other  rocks,  even  seemingly  structureless  gran- 
ite, for  there  is  often  som^  one  direction  in  which  such  a  rock 
will  cleave  or  break  most  easily.  This  plane  should  always  be 
laid  at  right  angles  to  the  direction  of  pressure.  Lastly,  there 
is  a  further  consideration  growing  out  of  all  these  facts.  All 
stones  are  brittle,  hence  must  be  handled  carefully  to  avoid  shat- 
tering. The  most  incipient  fractures,  of  microscopic  dimensions, 
will  in  time  ruin  even  the  hardest  rock.  Quarrying  should  be 
done  by  the  most  approved  methods,  so  that  this  d^sUger  of 
ruining  future  buildings  shall  be  reduced  to  a  minimum. 
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CHEMICAL  CHANGES 

I.  Atmospheric  Solution.  Under  this  head  comes  the  mere 
dissolving  out  and  carrying  away  of  certain  parts,  or  the  whole, 
of  a  rock.  The  chief  agent  of  atmospheric  action  is  carbt)n 
dioxide  or  carbonic  acid  gas,  which  in  time  decomposes  nearly 
every  rock  fomiing  mineral.  Marbles,  limestones  and  such  rocks 
dissolve  completel}'.  Other  rocks,  as  granite,  have  certain  ele- 
ments leached  out,  causing  a  crumbling  of  the  remainder.  The 
alkali  metals  enter  into  minerals  and  compounds  which  are  easily 
extracted  by  the  water.  The  decomposition  of  granite  into  sand 
composed  of  quartz,  feldspar  and  other  mineral  fragments  has 
been  mentioned  under  the  atmospheric  rocks.  The  densest  and 
least  porous  of  the  rocks  are  obviously  least  libable  to  this  action 
of  solution,  and  a  compact  marble,  if  not  broken  or  shattered 
in  any  way,  resists  for  a  long  time  the  attack  of  the  atmosphere. 
In  the  igneous  rocks  the  iron  bearing  minerals  are  easily  acted 
upon  and  partially  leached  out.  Hence  the  mineralogical  compo- 
sition of  a  stone  has  an  important  bearing  upon  its  commercial 
value. 

2.  Decomposition  of  certain  minerals.  Here  will  be  brief!) 
outlined  some  noteworthy  results  produced  by  the  decomposition 
of  certain  minerals.  The  oxygen  and  water  vapor  of  the  air, 
combining  with  the  sulphide  minerals,  such  as  ordinary  pyrite, 
produce  sulphuric  acid  and  iron  oxide.  This  strong  acid  rapidly 
attacks  the  minerals  with  which  it  comes  in  contact,  while  the 
iron  oxide  stains  the  rock  a  yellowish  or  reddish.  Pyrite  is  common 
in  all  rocks,  and  lessens  their  value  for  structural  purposes  in 
proportion  to  its  relative  abundance.  An  abundance  of  iron  in 
any  rock  will  cause  it  in  time  to  become  stained  a  dissagreeable 
yellow  color.  There  are  many  other  reactions  of  a  similar  nature, 
but  of  subordinate  importance  and  do  not  need  mentioning.  The 
ultimate  value  of  a  stone  is  greatly  influenced  by  these  consider- 
ations. 

II.  ROCK  CHARACTERISTICS 

I.  Color.  This  feature  of  a  stone  is  governed  by  the  col- 
ors and  relative  amounts  of  its  component  parts  and  minerals. 
For  instance,  a  granite  is  gray  because  of  the  blending  of  the 
black  mica,  white  feldspar  and  colorless  quartz.  The  value  of  a 
stone  is  largely  governed  by  its  color,  irrespective  of  other  char- 
acteristics. Other  things  being  equal  a  red  sandstone  will  be  more 
sought  after  than  a  dull  gray  one ;  a  red  granite  will  often  com- 
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mand  a  higher  price  than  one  with  a  somber  hue.  The  variation 
in  tint  of  any  particular  rock  also  changes  its  commercial  value, 
as  uniformity  in  all  things  is  desired.  Many  stones,  otherwise 
first  class,  are  denied  a  place  in  the  market  because  of  such  a 
defect.  Besides  the  variation  in  color  of  a  stone  from  one  point 
to  another,  it  is  also  to  be  noted  that  on  drying  or  mere  exposure 
to  the  air,  some  change  in  the  tint  may  occur.  This  may  be  a 
deepening  of  color  due  to  partial  oxidization  or  surface  chem- 
ical change ;  again  it  may  be  a  bleaching  due  to  drying.  Often  a 
rock  with  an  abundance  of  iron  assumes  a  reddish  or  dark  red 
hue,  due  to  the  deposition  of  iron  oxide  throughout.  Many  of  the 
Nevada  andesites  now  used  in  construction  are  thus  altered.  The 
color  is  pleasing  to  the  eye,  but  the  stone  is  weakened  in  the  pro- 
cess. Sometimes  it  is  less  a  change  of  color  than  a  decrease  in 
the  luster  of  a  rock  surface.  This  effect  is  comanon  on  granites, 
whose  materials  become  either  slightly  altered  on  thier  exposed 
parts,  or  covered  by  a  film  of  dust 

For  ornamental  work,  as  in  cornices  and  monuments,  the 
ability  of  a  stone  to  show  a  contrast  between  the  appearances  of 
its  polished  and  rough  hewed  surfaces  is  of  great  value.  The 
crystalline  rocks  possess  this  power  in  the  highest  degree,  because 
of  the  fine  polish  possible.  When  such  materials  are  carved  and 
their  exteriors  smoothed,  the  contrast  lies  in  the  fact  that  a  broken 
surface  reflects  more  white  Hght,  while  the  ponshed  surface, 
which  exhibits  the  colors  of  the  minerals,  absorb  more  of  the 
sun's  rays.  A  certain  granite,  valuable  a$  a  building  material 
and  monumental  stone,  polishes  a  very  dark  gray,  while  roughing 
to  a  light  or  whitish  gray  tint. 

The  selection  of  color  is  mainly  from  two  standpoints :  taste 
or  fashion,  and  utility.  In  regard  to  taste,  there  is  nothing  to 
state  from  the  view  point  of  this  paper  except  that,  other  things 
being  equal,  a  warm  tint  is  preferable  to  a  colder  one.  Concern- 
ing utility,  it  needs  to  be  emphasized  that  certain  colors  are  more 
suitable  for  particular  localities,  as,  for  instance,  a  gray  sandstone 
should  be  selected  for  a  building  in  a  manufacturing  center, 
where  smoke,  dust  and  grime  are  ever  present.  And  oti  the  other 
hand,  white  stones  should  be  used  only  where  least  exposed  to 
tarnish. 

2.  Hardness,  The  hardness  of  a  stone  is  its  resistance  to 
abrasion,  shown  usually  by  resistance  to  rubbing.  Necessarily, 
the  most  important  characteristic  of  a  rock  underlying  this  is  its 
mineralogical  content,  a  rock  containing  an  abundance  of  thte 
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harder  minerals,  as  quartz,  being  the  hardest,  and,  as  all  minerals 
vary  in  hardness,  their  relative  abimdance,  state  of  aggregation, 
and  size  of  crystals,  govern  the  resistance  of  a  stone  to  abrasion. 
A  sandstone  composed  of  grains  of  hard  quartz  may  be  very  soft 
because  of  the  loose  hold  they  have  upon  one  another.  The  chief 
reason  for  the  greater  hardness  of  the  plutonic  rocks  is  because 
tlieir  component  minerals  mutually  interlock  and  bind  the  whole 
firmly  together.  Also  in  the  metamorphic  quartzites,  the  little 
broken  pieces  of  quartz  have  grown  by  the  addition  of  more 
silica  until  a  similar  interlocking  texture  is  produced.  A  sand- 
stone cemented  by  lime  or  iron  oxide  is  softer  because  the  grains 
do  not  bind  one  another  together.  In  all  the  sedimentary  and 
laminated  rocks  variations  in  hardness  may  occur  in  the  different 
layers  or  laminae  caused  by  a  change  in  any  or  all  of  the  condi- 
tions of  the  minerals  mentioned  above.  As  a  result,  much  care 
must  be  exercised  in  their  use.  In  the  crystalline  and  more  brit- 
tle rocks  it  must  be  kept  in  mind  that  even  the  slightest  shatter- 
ing by  improper  handling  lowers  the  hardness  and  hence  the 
value. 

3.  Strength,  The  strength  of  a  stone  is  its  resistance  to  ap- 
plied pressure,  either  compressive  force  or  transverse  strain. 
This  quality  is  very  closely  allied  to  hardnesis  and  depends  in 
general  upon  the  same  internal  conditions:  mineral  content,  state 
of  aggregation,  and  size  of  grain.  As  has  been  pointed  out  under 
"effects  of  pressure,"  in  large  structures  the  power  of  a  stone  to 
sustain  a  load  is  of  great  moment,  while  in  small  buildings  and 
other  ordinary  uses,  it  matters  little.  It  is  not  an  unusual  sight 
to  see  in  large  stone  structures  that  the  material  near  the  base 
shows  undoubted  signs  of  crumbling,  due  to  an  overload.  Every 
edifice  erected  is  constantly  jarred,  and  this  small  in- 
appreciable motion  has  its  lasting  effect  upon  a  rock 
already  taxed  to  sustain  a  weight  too  near  the  limit  of  safety. 
More  facts  pertinent  to  this  matter  have  been  mentioned  under 
"effects  of  pressure." 

Another  characteristic  of  certain  building  stones  has  a  direct 
bearing  on  both  hardness  and  strength.  It  is  the  power  of  some 
rocks  to  harden,  or  temper,  on  exposure  to  the  air.  In  particular, 
some  of  the  tuffs  show  an  ability  to  temper  to  considerable  hard- 
ness, at  times  sufficient  to  turn  the  edge  of  an  ordinary  hammer. 
The  last  bit  of  interstitial  water  of  the  rock,  on  working  its  way 
out  to  the  surface,  deposits  whatever  it  holds  in  solution  in  the 
outer  parts  of  the  mass,  and  at  times  a  perceptable  crust  is  formed, 
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qualities  of  a  building  material,  and  such  a  search  is  inccMnpletc 
without  this  investigation. 
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ally  in  use,  and  others  with  first  class  possibilities.  And  in  class- 
ifying these  rocks  a  slight  difficulty  is  presented.  Such  rocks  are 
called  popularly  granites.  Some  of  them  are  granites ;  others  are 
not,  but  all  are  related.  The  geographical  belt  lying  on  the  east 
flank  of  the  Sierra  Nevada  and  along  the  foothills  is  characterized 
by  an  abundant  development  of  these,  all  more  or  less  connected 
in  origin,  yet  varying  from  those  properly  termed  granites  to 
those  of  dioritic  nature.  As  a  group,  chemically  they  stand  be- 
tween these  two  types  of  plutonics,  containing  an  excess  of  soda 
over  potash,  and  often  considerable  lime.  Some  contain  an  abun- 
dance of  free  quartz,  others  show  little  to  none.  As  any  petro- 
graphical  discussion  is  here  out  of  place,  only  a  few  remarks  of 
this  nature  will  be  presented  under  each  rock.  The  writer  hopes 
to  show  later,  in  a  petrc^raphical  paper,  the  true  relationships  of 
the  granitic  rocks  of  this  western  portion  of  Nevada.  For  the 
present,  the  term  granite  will  be  used  exclusively  for  those  rocks 
showing  free  quartz. 

GRANITES. 

Laughton's  Station :  This  stone  occurs  in  the  immediate 
vicinity  of  Laugh  ton  *s  Station,  to  the  north  of  the  Southern  Pa- 
cific Railroad  track,  about  five  miles  west  of  Reno.  Considerable 
amounts  of  rough  stone  have  been  taken  out  at  the  outcrop  di- 
rectly on  the  railroad,  but  no  real  quarry  face  has  been  opened. 
In  color  this  granite  is  a  medium  to  light  gray,  with  occasional 
splotches  of  a  darker  shade.  The  rock  is  abie  to  take  a  good  pol- 
ish, quite  in  contrast  to  the  rough  finish.  Considerable  joint 
structure  is  developed  on  a  large  scale,  sufficient  to  make  quarry- 
ing easy,  and  yet  not  enough  to  preclude  the  possibility  of  extract- 
ing large  blocks.  The  texture  is  of  medium  fineness,  or  grain, 
in  the  main  phase  of  the  stone,  but  varies  considerably.  The  nor- 
mal rock  has  much  more  white  mineral  than  dark,  but  often 
rounded  spots  occur  which  contain  a  much  larger  percentage  of 
black  constituents.  These  spots  are  at  times  thickly  interspersed 
throughout  the  main  mass;  often  they  are  seen  as  isolated  dark 
centers  surrounded  by  many  feet  of  surface  of  the  normai 
variety.  The  minerals  to  be  seen  by  the  naked  eye  are  quartz, 
feldspar  both  orthoclase,  the  potash  variety,  and  plagioclase,  the 
soda-lime  variety,  brown  mica,  and  black  hornblende.  The  mica 
IS  the  chief  dark  mineral  in  the  normal  rock,  but  hornblende  pre- 
ix>nderates  in  the  dark  spots.  Under  the  microscope  the  orthoclase 
felspar  is  seen  to  be  in  crystals  much  larger  than  those  of  the  oth- 
er minerals,  and  is  also  greater  in  amount  than  the  plagioclase. 
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possible  cost  of  handling.  An  opening  to  exhibit  the  character  of 
the  mass  is  all  that  is  needed  to  show  it  up  properly.  For  monu- 
mental work  as  well  as  for  all  the  best  uses,  this  granite  should 
find  a  ready  market,  if  present  indications  have  much  weight. 

2.  The  second  variety  of  granite  from  Verdi  is  found  at 
present  only  in  boulders  lying  on  the  worn  surface  of  the  other. 
It  undoubtedly  occurs  as  veins  in  the  main  mass,  and  should 
properly  be  called  a  pegmatite.  These  dykes  must  be  of  large  size, 
because  of  the  dimensions  of  the  largest  fragmens  derived  from 
them.  A  quarry  is  necessary  to  outline  any  facts  about  the  mat- 
ter. The  color  is  either  a  light  red  ground  through  which  are 
irregularly  dispersed  black  shining  crystals  of  tourmaline,  or 
more  rarely,  a  white  ground  with  the  dark  mineral.  The  general 
effect  is  very  pleasing  to  the  eye,  presenting  a  sharp  contrast  to 
the  other  variety  of  granite.  The  texture  is  peculiar,  for  the  min- 
erals are  not  at  all  regularly  distributed.  The  mass  of  the  rock 
is  made  up  of  quartz  and  feldspar,  usijually  redish  orthoclase, 
through  which  occur  bunches  of  black  tourmaline  crystals.  The 
quartz  and  feldspar  are  of  fine  grain,  while  the  black  mineral,  in 
coarser  crystals,  is  in  spots  in  size  from  a  quarter  of  an  inch  up 
to  a  foot  or  more.  The  stone  will  take  a  high  polish,  differing 
little  from  the  unfinished  surface  in  shade.  It  should  meet  with 
favor  for  some  kinds  of  ornamental  work,  as  well  as  for  building 
material,  if  it  can  be  obtained  in  large  enough  amount. 

Washoe:  This  ganite  outcrops  west  of  the  old  town  of 
Washoe,  on  the  Virginia  and  Truckee  railroad,  and  is  a  part  of 
the  great  granite  mass  occurring  at  the  east  base  of  the  Sierra.  A 
quarry  is  opened  about  a  mile  west  of  the  town,  on  land  owned  by 
Mr.  John  Barrett,  the  stone  cutter  of  Reno.  Not  a  great  deal  of 
work  has  been  done,  yet  the  stone  has  been  shown  to  be  of  fairly 
uniform  color  and  grain.  The  color  is  a  medium  dark  gray,  with 
a  very  faint  pinkish  tinge,  lighter  than  the  Verdi  rock.  There  ap- 
pear to  be  few  or  no  imperfections  in  structure  debarring  the  ex- 
traction of  large  pieces  for  use,  but,  in  common  with  most  of  these 
rocks  of  the  region,  the  texture  varies  somewhat.  At  times 
splotches  of  dark  constituents  occur  to  mar  the  even  aspect  of  the 
surface.  Careful  selection,  however,  should  eliminate  this  evil. 
A  good  polish  is  taken,  quite  dark  compared  with  the  unfinished 
stone.  The  minerals  are  quartz,  both  varieties  of  ieldspar,  mica 
and  hornblende.  The  two  dark  constituents  are  about  equal  in 
amount  while  the  quartz  is  sparingly  distributed.  The  sulphide 
minerals  are  rare,  as  in  all  of  these  rocks.     Both  hardness  and 
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toughness  are  fairly  high,  and  should  improve  as  deeper  cuts  are 
made  in  the  quarry.    This  stone  is  not  quite  so  readily  available  as 
those  already  mentioned,  as  a  haul  of  a  mile  to  the  railroad  is 
necessary.     At  present  the  granite  is  used  for  monuments  and 
ornamental  purposes  by  Mr.  Barrett. 

Nearer  the  railroad,  and|  in  fact,  directly  on  it,  is  an  occur- 
rence of  volcanic  and  plutonic  boulders,  in  which  are  some  of 
granite.  This  stone  is  the  same  as  the  Washoe  granite  just  men- 
tioned, and  is  quarried  by  the  railroad  for  use  in  culverts,  abut- 
ments, and  the  like.  Such  a  source  is,  necessarily,  limited  in  ex- 
tent, yet  it  does  sufficiently  well  for  immediate  needs.  And  it  may 
be  well  to  note  here  that  most  of  the  granite  now  used  in  and  about 
Reno  for  curbing,  mounting  blocks,  and  such  commoner  demands, 
is  obtained  from  the  vast  quantity  of  boulders  existing  in  the 
river  wash  covering  much  of  the  adjacent  territory.  It  is  needless 
to  remark  upon  the  cheapness  of  this  source,  yet  the  best  quality 
of  material  cannot  be  furnished  in  such  a  wav,  so  that  the  ultimate 
cheapness  is  lessened.  Only  a  well  opened  quarry  will  deliver 
the  best  stone,  and  when  substantial,  long-lived  buildings  are  to  be 
constructed,  field  boulders  should  never  be  used  unless  of  excep- 
tional size. 

Ophir:  This  rock  is  well  exposed  at  Ophir,  about  a  mile 
northwest  of  Franktown,  on  the  Virginia  and  Truckee  railroad. 
A  little  preliminary  quarrying  has  been  done  at  a  point  just  south 
of  the  wood  flume,  on  the  small  creek  here  draining  down  from  the 
mountains.  The  stone  rises  up  about  a  hundred  feet  above  the 
creek,  giving  some  opportunity  for  working.  As  yet  the  solid  mass 
of  the  granite  has  not  been  reached,  the  quarrying  has  been  done  in 
the  more  or  less  broken  surface  material.  The  color  is  the  lightest 
of  all  those  described  being,  in  the  average,  a  very  light  gray. 
Some  varieties,  small  in  amount,  are  darker  in  shade.  A  good 
lK)lish  is  possible,  which  is  little  darker  than  the  rough  surface. 
Jointing  is  well  developed,  insuring  ease  in  quarry  work  while 
not  preventing  the  extraction  of  large  blocks.  In  texture  the  rock 
as  a  whole  varies  considerably,  though  the  main  mass  is  fairly 
constant.  Normally  the  crystals  of  the  component  minerals  are 
fine  in  grain,  with  longer  black  crystals  sparingly  distributed 
throughout.  The  minerals  of  fine  even  grain  are  quartz,  both 
feldspar  and  brown-black  mica,  the  larger  black  crystals  are  horn- 
blende. The  quartz  is  very  plentiful,  giving  almost  a  glassy  luster 
to  the  rock.  Also,  many  small  grains  of  a  yellowish  mineral  are 
dispersed  rather  plentifully.     The  other  varieties  are  diie  to  the 
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change  in  the  relative  amounts  and  kinds  of  the  minerals  present. 
Some  show  an  abundance  of  large  shining  mica  flakes  with  little 
or  no  hornblende ;  some  show  much  hornblende  with  no  mica ;  and 
others  show  a  great  amount  of  clear  colorless  quartz.  These,  how- 
ever, are  in  small  amount.  This  granite  is  very  hard,  but  more 
brittle  than  the  others.  It's  availability  is  apparent,  being  less  than 
a  mile  from  the  railroad.  It's  possible  uses  are  limited  by  it's  vari- 
ation in  texture  to  the  commoner  ones,  such  as  curbings,  mount- 
ing blocks,  foundations,  and  pavements,  though  it's  light  color 
might  find  favor  for  contrast  in  monumental  work. 

Lakeznczv.  This  stone  is  well  shown  in  the  railroad  cuts 
south  of  the  station  of  Lakeview,  three  miles  northwest  of  Carson 
on  the  Virginia  and  Truckce  railroad.  The  railroad  grade  winds 
around  a  hill  composed  chiefly  of  this  rock,  thus  making  it  pos- 
sible to  obtain  vast  quantities  at  a  minimum  cost.  Xo  quarrying 
of  any  sort  has  been  done,  as  the* stone  is  not  of  the  best  quality 
for  building  needs.  The  color  is  a  light  gray,  similar  to,  but 
darker  than  the  Ophir  granite.  In  the  exposed  outcrop  many  lit- 
tle dots  of  red  are  to  be  seen  on  careful  inspection.  TTie  mass 
of  the  rock  is  quite  faulted  and  jointed,  but  blocks  of  large  size  can 
be  taken  out,  judging  by  the  weathered  portion.  The  texture  is 
rather  coarse  in  appearance,  because  of  the  large  size  of  the  horn- 
blende crystals ;  the  light  colored  constituents  are  of  finer  grain. 
The  minerals  are  quartz,  feldspar,  again  both  kinds,  with  a  slightly 
larger  percentage  of  othoclase,  hornblende  and  mica.  The  horn- 
blende is  the  chief  dark  constituent.  Quartz  in  nominal  amount. 
A  considerable  number  of  small  grains  of  a  yellowish  mineral 
are  present,  as  in  the  Ophir  stone.  One  other  substance  is  worthy 
of  notice  ;  the  mineral  magnetite,  which  shows  quite  plentiful  under 
the  microscope.  Such  a  rock  as  this  is  limited  in  usefulness  to 
the  commoner  demands,  and  it  is  also  possible,  on  account  of  the 
mineral  content,  to  use  it  as  a  road  metal.  It's  vast  amount,  easy 
ot  access,  its  small  mica  percentage  and  its  comparatively  large 
percentage  of  iron,  make  it  easily  possible  that  it  might  prove  a 
success  as  a  material  for  macadamized  roads. 

Carson  Prison :  On  the  Prison  Hill  as  it  is  called,  a  granite 
similar,  or  the  same,  outcrops  from  beneath  the  andesite  flows. 
This  locality  is  not  on  the  line  of  the  railroad,  but  is  easily  ap- 
proached by  teams.  If  the  stone  proves  a  good  road  metal,  this 
would  make  a  good  locality  to  furnish  material  for  those  parts  of 
the  region  nearby. 

Luning:     Near  the  town  of  Luning,  in  Esmeralda  count)' 
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and  five  miles  from  the  line  of  the  Carson  and  Colorado  railroad, 
there  is  an  occurrence  of  a  fine  grained  white  granite.  No  reai 
quarrying  has  been  done,  and  only  a  small  amount  of  stone  has 
been  extracted.  Small  pieces  ahow  a  finer  grain  than  in  the  other 
granites  described,  and  exhibit  a  contrast  with  them.  The  land 
and  stone  is  owned  by  Mr.  Lindsay,  of  Carson,  who  has  the  stone 
for  sale,  as  well  as  for  his  own  use  in  building  work. 

Mason  l^ alley:  This  stone  occurs  near  Mason  Valley,  in 
Hudson  Pass,  Lyon  county,  about  eighteen  miles  from  the  Car- 
son and  Colorado  railroad.  As  with  most  of  the  other  rocks,  no 
quarrying  of  any  amount  has  been  done,  and  the  stone  awaits  a 
market.  The  color  is  rather  striking,  being  a  light  mottled  pink- 
gray.  On  close  inspection  three  distinct  colors  present  themselves, 
due  to  the  different  minerals ;  white,  pink  and  dark  green.  The 
polished  surface  brings  these  out  well,  and  presents  a  considerable 
and  pleasing  contrast  with  the  rough  finish.  The  grain  is  medium 
and  even,  with  an  occasional  large  white  crystal.  The  polish 
brings  out  clearly  most  of  the  component  minerals.  To  the 
naked  eye  no  quartz  is  present,  and  the  rock  looks  like  a  syenite, 
or  that  rare  rock  standing  between  a  syenite  and  a  diorite — a 
monzonite.  The  minerals  easily  seen  are  feldspar,  including 
stout  pink  crystals  of  orthoclase,  and  long  white  crystals  of  plag- 
ioclase.  Under  the  microscope,  quartz  is  apparent,  making  the 
rock  a  granite  though  a  basic  one.  Both  hardness  and  toughness 
are  high.  The  stone  is  not  as  available  as  could  be  desired,  yet  its 
color  and  other  qualities  are  such  that  its  value  is  high.  It  can 
be  used  for  monumental  work,  and  buildings,  and  should  find  i 
ready  market.  The  owner  of  the  present  "quarry*'  is  Mr.  Lindsay, 
of  Carson. 

li'ituietmicca:  Two  varieties  of  granite  are  used  in  Winnc- 
mucca.  The  first  is  quarried  twelve  miles  to  the  north  of  the  town, 
and  hauled  in  by  teams.  It  is  a  medium  light  gray  stone,  taking 
a  fine  polish,  and  is  sufficiently  good  for  the  best  class  of  work. 
The  grain  is  of  medium  coarseness,  with  little  variation  in  color 
or  mineral  content.  The  minerals  are  the  usual  ones  already  men- 
tioned, with  not  a  great  deal  of  quartz.  By  way  of  illustrating 
availabiUty.  some  figures  of  cost  of  hauling  for  this  stone  will  be 
given,  which  are  fairly  good  for  others  removed  from  the  railroads. 
A  trip  from  Winnemucca  to  the  quarry  and  return  occupies  two 
days,  with  a  large  wagon.  Seventy-five  cubic  feet  of  stone  are 
hauled  at  a  trip,  for  which  eighteen  dollars  are  charged.  This 
stone  has  found  some  favor  for  monuments  in  the  town,  and  can 
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be  used  for  ornamental  and  construction  work.  Mr.  Joe  Pasquale 
is  owner. 

The  second  granite  used  in  Winnemucca  is  taken  from  boul- 
ders found  on  the  lower  slopes  of  the  mountain  bearing*  the  same 
name  as  the  town.  In  color  and  general  appearance  it  is  much 
like  the  first,  but  takes  a  poorer  polish.  It  also  has  found  some 
demand  for  monuments  and  buildings,  but  is  inferior  to  the  first 
because  of  longer  exposure  in  fragments.  However,  it  is^  well 
adapted  to  all  the  commoner  uses. 

Elko:  Much  granite  exists  both  to  north  and  south  of  the 
town  of  Elko  but  at  some  distance.  At  present  one  variety  is 
quarried,  and  used  in  the  town  for  nearly  all  purposes.  This  rock 
comes  from  a  spot  about  thirty  miles  north,  necessitating  a  long 
haul.  The  distance  from  the  railroad  limits  its  use  and  market, 
for  when  a  quarry  is  well  opened  on  the  line  of  the  railroad,  as  can 
be  easily  done,  at  a  place  like  Verdi,  such  a  stone  will  be  driven 
from  use  by  it's  cheaper  rivals.  It  is  possible  to  find  some  first- 
class  monumental  granites  in  the  region  about  Elko.  And  there 
are  many  other  possible  stones.  Granite  is  plentiful  at  Steamboat 
Springs,  and  more  at  Verai,  up  Dog  Creek  Canyon.  Likewfele 
in  the  eastern  part  of  the  state  there  is  much  similar  stone,  most 
of  it  unknown  in  value  and  qualities.  But  for  some  years  only 
the  most  valuable  granites  existing  away  from  transportational 
facilities  can  be  available,  because  of  the  wealth  of  easily  obtained 
fKKDrer  stone  outcropping  directly  on  the  railroad  lines. 

DIORITES 

Virginia  City :  The  mass  of  Mt.  Davidson,  upon  whosfc 
eastern  flanks  Virginia  City  lies,  is  chiefly  of  a  dioritic  rock.  It  is 
not  urged  that  this  rock  would  make  a  first-class  building  material, 
for  it*s  color  is  a  somber  gray,  it's  grain  fine,  and  the  whole  aspect 
uninviting.  It  is  mentioned  in  this  place  because  of  its  possible 
use  as  a  road  metal.  It's  constituents  are  feldspar  and  hornblende, 
with  usually  some  iron  pyrite.  The  texture  is  one  of  interlocking 
crystals,  causing  very  great  toughness.  There  are  several  phases 
of  the  stone,  each  with  it's  own  color  and  general  appearance. 
The  summit  outcrop  develops  a  gray  granite  looking  rock;  the 
tunnels  and  crosscuts  in  the  mines  often  show  a  much  darker  va- 
riety. For  a  road  metal,  the  binding  power  should  be  good,  while 
the  toughness  will  be  vouched  for  by  every  miner  who  has  driven 
a  drill  into  it.  As  mentioned  in  the  chapter  on  road  metal,  the 
rock  may  prove  easily  a  most  valuable  one  for  use  on  roads  under- 
lying heavy  traffic. 
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hardness  is  high ;  the  toughness  a  little  less,  and  both  rank  with 
the  best.  Much  resistance  to  atmospheric  changes  is  given,  so  that 
long  life  to  a  structure  of  this  material  is  assured.  The  quarry 
cut  is  directly  on  the  railroad,  so  that  any  amount  needed  can  be 
easily  obtained,  the  railroad,  of  course,  owning  the  land.  This 
stone  was  much  used  in  the  early  days  on  the  ComstDck,  chiefly 
for  foundations.  It  shows  no  evidence  of  change  where  so  used. 
The  railroad  now  constructs  of  it  abutments,  culverts,  retaining 
walls  and  other  similar  structures. 

2.  The  second  quartz-porphyry  is  quarried  five-eights  of  a 
mile  east  of  the  tunnel  already  mentioned.  The  color  in  the  mass 
is  a  medium  dark  purplish,  which  color  is  a  not  inconsiderable 
factor  in  the  worth  of  the  stone.  The  texture  like  that  of  the 
other,  is  porphyritic,  with  well  developed  crystals  of  quartz,  feld- 
spar, and  dark  mica.  The  color  is  due  to  the  purplish-gray  gfround 
mass,  in  which  the  other  minerals  show  distinctly.  The  main 
difference  between  these  two  rocks  is  in  the  color,  and  the  increase 
in  the  amount  of  mica  in  the  purplish  variety.  This  latter  stone  is 
decidedly  pleasing  to  look  upon,  and  should  find  favor  for  build- 
ings. It's  hardness,  toughness,  and  other  characteristics  are 
identical  with  those  of  the  first  of  these  rocks,  and  likewise  it  is 
quarried  by  the  railroad  and  used  in  some  of  it's  culverts  and 
abutments.  It  has  been  used  in  one  of  the  railroad  crossings  at 
Steamboat  Springs,  and  makes  a  fine  appearance. 

ANDESITES 

There  are  several  quite  prominent  building  stones  under  this 
rock  group,  including  some  of  great  promise.  As  the  demand  for 
such  materials  of  construction  increases,  they  should  all  find  ready 
markets,  particularly  as  they  are  easy  of  access  and  near  the  cen- 
ters of  population. 

Southivcst  of  Reno :  This  stone  is  the  one  used  largely  in 
the  erection  of  the  new  Carnegie  Library  Building  in  Reno.  It  is 
locally  called  a  sandstone.  It  comes  from  one  of  the  large  andesite 
flows  which  bathed  the  lower  eastern  flanks  of  the  Sierra  in  recent 
geological  time.  The  quarry  is  situated  at  a  point  about  four 
miles  southwest  of  Reno  in  an  air  line,  though  nearly  two  miles 
further  by  road.  The  work  here  has  just  begun,  and  is  due  to 
the  construction  of  the  building  just  mentioned.  Enough  has  been 
accomplished,  however,  to  show  some  of  the  larger  characteristics. 
The  quarry  shows  well  the  flow  structure  of  the  mass ;  the  planes 
of  motion  lie  nearly  horizontal,  greatly  facilitating  the  extraction 
of  large  blocks.     On  this  account,  the  cost  of  quarrying  is  very 
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ness  is  medium,  the  toughness  somewhat  less.  The  availability 
of  the  material  is  a  strong  point  in  it's  favor,  as  it  outcrops  less 
than  a  hundred  feet  from  the  railroad  track.  It  is  on  the  Huffa- 
ker  ranch,  and  has  been  used  locally  to  some  extent. 

The  second  variety  is  a  granitic  looking  rock,  and  by  the  av- 
erage individual  would  possibly  be  called  a  granite.  It  outcrops 
on  the  same  hill  as  the  other,  and,  due  to  the  fact  that  less  decom- 
position has  taken  place,  lacks  a  red  color.  It  is  a  medium  light 
gray  stone,  apparently  showing  quartz,  feldspar,  and  hornblende. 
Careful  study,  with  and  without  the  microscope,  show  it  to  oc 
a  truly  prophyritic  rock,  of  medium  grain  and  even  texture.  The 
minerals  in  well  formed  crystals  are  white  feldspar,  black  horn- 
blende, and  a  few  flakes  of  mica,  set  in  a  glassy,  colorless,  ground 
mass.  It  is  this  glass  which  has  the  appearance  of  quartz.  The 
general  aspect  of  the  rock  is  decidedly  in  its  favor.  As  no  real 
quarrying  has  been  done,  and  no  thoroughly  unaltered  rock  ex- 
posed, it's  other  qualities  are  not  known.  From  it's  construction 
it  must  be  a  very  hard  though  perhaps  brittle,  stone.  The  Huffa- 
ker  residence,  a  large  two  story  stntcture,  is  made  of  this  material, 
which  shows  no  change  in  its  thirty  years  of  service.  These  two 
andesites  are  worthy  of  careful  investigation  and  some  work  done 
to  exploit  them. 

Fulton's  Quarry:  The  rock  exposed  in  this  place  exists  to 
the  north  of  Reno,  over  considerable  territory.  The  quarry  itself, 
in  the  best  material,  is  about  two  miles  north  of  the  University 
campus,  just  above  the  line  of  the  Nevada,  California  and  Oregon 
railroad.  What  work  has  been  done  is  all  on  the  surface;  no 
quarry  face  has  been  well  opened.  The  color  is  a  Hght  g^eeni^ 
gray  in  the  mass,  and  a  restful  one  to  the  eyes,  especially  in  the 
glare  of  the  sunlight  in  a  hot,  dry  climate.  The  rock  is  rather 
strikingly  porphyritic  on  close  inspection,  though  of  even  appear- 
ance at  a  little  distance.  Large  glassy  feldspar  crystals  half  an 
inch  in  length  are  frequent.  Also,  many  flakes  of  dark  mica  are 
present,  with  a  little  hornblende,  and  all  set  in  the  compact,  green- 
ish-gray ground  mass.  In  selected  pieces  the  texture  is  fairly  con- 
stant, but  as  a  mass  much  variation  occurs.  Inclusions  of  other 
materials  are  found,  and  small  cavities  lined  with  materials  are 
at  times  plentiful,  so  that  careless  work  may  result  in  vmsightly 
spots  in  buildings.  The  hardness  and  toughness  are  fair,  and  the 
resistance  to  weather  changes  is  good.  As  it  is  on  the  railroad, 
it's  availability  is  excellent,  and  there  is  a  vast  quantity  in  sight 
The  stone  has  been  used  considerably  in  Reno.  Several  of  the 
newer  University  buildings  contain  it,  as  the  gymnasium  and 
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Lincoln  Hall,  and  a  few  structures  in  the  business  part  of  town  are 
made  wholly,  or  nearly  so,  of  the  material.  It's  greenish  tinge 
gives  a  pleasing  aspect  to  the  buildings  containing  it.  Another 
possible  use  is  that  of  road  metal.  In  the  search  for  such  mater- 
ial soon  to  come,  a  test  upon  the  rock  would  not  be  ill  advised. 

Virginia  City :  About  two  miles  to  the  east  of  the  old  town  of 
Virginia  City  runs  a  ridge  approximately  north  and  south.  Sugar 
Loaf  peak  is  part  of  this  ridge,  which  is  cut  in  two  by  Six  Mile 
Canyon  and  Creek.  An  andesitic  rock  forms  this  feature  of  the 
topography,  furnishing  one,  and  able  to  furnish  two,  stones  for 
building  purposes. 

The  first  of  these  is  quarried  at  a  point  just  east  of  the  Bruns- 
wick Lode,  on  the  east  side  of  a  small  hill  rising  from  the  ridge. 
Considerable  rock  has  been  taken  out  here,  yet  in  a  more  or  less 
careless  manner,  and  no  well  cut  face  is  shown.    The  structure  of 
the  mass  is  quite  remarkable.    Rock  columns  averaging  two  feet 
or  more  in  diameter  compose  the  whole,  like  a  bundle  of  sticks 
laid  carefully  parallel  to  one  another.    These  columns  pitch  to  the 
northwest  at  a  low  angle,  aiding  very  materially  the  quarrying. 
This  stone  is  the  most  striking  in  appearance  of  all  those  describ- 
ed in  these  notes,  and  is  almost  beautiful.    Any  one  word  will  fail 
properly  to  give  the  color,  for  the  texture  hAs  given  the  rock  a 
mottled  aspject.     This  texture  is  porphyritic,  and  large  roughly 
rounded  feldspar  crystals  often  half  an  inch  across,  with  smaller 
prisms  of  hornblende  and  flakes  of  dark  mica  appear  in  a  blue- 
gray,  or  steel  blue  ground  mass.     The  feldspar  is  quite  glassy, 
much  in  contrast  to  the  lusterless  colored  ground.    There  is  some 
variation  in  texture,  which  must  be  guarded  against  by  selecting 
only  the  best.     Frequently  small  inclusions  with  slightly  differ- 
ent color  and  grain  occur,  which  spoil  the  even  effect  of  the  whole. 
The  hardness,  toughness,  and  other  characteristics  are  good,  and 
need  little  consideration  under  ordinary  circumstances.    The  stone 
is  easily  obtained,  the  quarry  being  less  than  two  miles  from  the 
railroad,  and  an  easy  haul  will  deliver  it  at  the  station.     It  was 
used  extensively  in  the  early  days  of  the  town  for  foundations  for 
large  machinery.    As  it  yet  remains  in  place,  one  can  see  how  well 
it  stands.    To  state  that  it  makes  a  beautiful  appearance  does  not 
seem  like  exaggeration* 

The  second  variety  of  these  andesites  occurs  in  Sugar  Loaf, 
and  in  the  exposed  places  in  the  immediate  vicinity.  It  has  not 
yet  been  quarried  nor  used.  A  fine  exposure  is  present  to  the 
southwest  of  the  road  in  Six  Mile  Canyon  just  where  the  bridge 
spans  the  creek  at  the  base  of  Sugar  Loaf.     This  rock  is  very 
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similar  to  the  first,  yet  distinct  in  its  general  appearance.  The 
ground  mass  is  a  very  light  gray,  with  a  faint  tinge  of  blue,  and 
the  well  formed  minerals  are  white  feldspar,  in  smaller  cr>'stals 
than  in  the  first  phase,  with  black  hornblende  more  plentiful  than 
before,  and  a  little  dark  mica.  The  other  qualities  are  about  the 
same  as  those  of  the  first  variety,  and  are  good.  A  little  harder 
pull  by  team  is  required  to  land  it  at  the  railroad  yards,  yet  this 
will  not  count  much  against  it.  As  far  as  known,  this  stone  has 
never  been  worked,  but  it  would  make  a  very  good  building  mater- 
ial. 

TUFFS 

There  are  three  of  these  valuable  building  stones  now  in  use 
in  the  state.  They  are  softer  than  the  average  consolidated  tuff, 
yet  this  lack  does  not  prevent  their  being  used  in  many  important 
ways.  They  fill  a  want  for  certain  kinds  of  materials  better  than 
any  other  stone,  and  at  times  rank  with  the  best  sandstones. 

Merrimac  Station:  This  tuff  outcrops  in  the  Virginia 
Range  in  the  canyon  of  the  Carson  river,  at  Merrimac  Station, 
on  the  line  of  the  Virginia  and  Truckee  railroad.  This  point  is  a 
few  miles  east  of  Empire,  and  within  easy  reach  of  all  important 
points.  The  quarry,  owned  by  Mr.  J.  W.  Adams,  of  Carson,  is  on 
the  south  bank  of  the  river,  and  is  one  of  the  very  few  well  opened 
ones  in  Nevada.  The  color  of  the  stone  is  a  light  pink,  almost  a 
flesh  color,  and  does  not  vary  throughout  the  mass.  As  it  is  com- 
f)Osed  of  volcanic  ashes,  with  some  mineral  fragments,  it's  texture 
might  be  taken  to  indicate  a  ver>'  fine  grained  sandstone.  The 
f ragmen tal  character  is  clearly  shown,  and  the  absence  of  strati- 
fication planes  or  layers  indicates  to  the  unaided  eye  the  nature  of 
the  material.  The  ash  is  largely  glass,  in  minute  fragments, 
in  which  are  imbedded  angular  pieces  of  mica,  quartz,  and  feld- 
spar in  small  amount.  The  grain  is  very  even  for  such  a  stone, 
and  it's  general  effect  is  very  good.  In  hardness  and  toughness 
it  stands  low,  about  equal  to  a  soft  sandstone,  too  low  to  warrant 
it's  use  under  much  stress.  .  It  tempers  a  little  on  standing,  but 
not  sufficient  to  raise  much  it's  strength.  It  is  rather  porous,  as 
are  all  the  tuffs,  yet  withstanding  temperature  changes  well,  be- 
cause of  it's  internal  structure.  It  has  been  used  very  largely  in 
and  about  Carson  and  Reno,  chiefly  for  copings,  cornices,  lintels, 
arches,  and  such  others  requiring  little  strength.  When  used  with 
brick,  a  very  pleasing  contrast  is  presented,  as  is  done  with  any 
other  material  harmonizing  with  it  in  color.  The  Gymnasium 
and  Lincoln  Hall  of  the  University  Buildings  both  contain  it, 
some  brick  residences  in  Reno  are  much  improved  by  its  use; 
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and  the  new  Elk's  Hall  shows  it  to  advantage.    This  tuff  should 
be  much  used  for  the  demands  befitting  it. 

North  of  Reno :  This  tuff  comes  from  a  mass  of  consolidat- 
ed ash  almost  twenty  miles  northeast  of  Reno,  on  the  Spanish 
Springs  Valley  road.  A  little  stone  has  been  quarried  and  used 
in  Reno  in  ways  similar  to  the  Merrimac  rock.  It's  cotor  is  a 
light  pink,  a  little  lighter  than  the  first  material.  These  two  stones 
are  very  similar  in  their  features  and  can  be  used  in  precisely  the 
same  ways  and  for  the  same  demands.  This  second  tuff,  however, 
is  more  irregular  in  texture,  containing  angular  fragments  of  oth- 
er rocks,  largely  andesite  and  granite,  thereby  appearing  some- 
what mottled  when  closely  inspected.  It  tempers  slightly  better 
that  the  other.  Careful  selection  should  eliminate  the  unsightly 
stone  from  that  quarried.  The  owner  is  Mr.  Wm.  Schrader,  of 
Reno. 

Lotrlock :  This  rock  is  located  in  the  hills  to  the  northeast 
of  the  town  of  Lovelock,  on  the  line  of  the  Southern  Pacific 
railroad.  The  point  from  which  it  has  been  obtained  is  about  four 
iniles  from  the  station  with  not  a  hard  haul  over  the  distance. 
The  color  is  a  purplish-g^y,  of  a  medium  depth  of  tint.  The 
structure  and  texture  are  in  general  the  same  as  in  the  other  tuffs. 
Many  small  fragments  of  volcanic  rocks  are  interspersed  through- 
out the  mass,  and  small  glassy  cystals  of  feldspar  are  quite  noti- 
cible  on  careful  inspection.  The  rock  inclusions  are  dark  gray, 
so  that  a  close  view  exhibits  many  seeming  imperfections  in  grain. 
Used  in  a  building  these  are  not  apparent,  and  the  whole  aspect  is 
a  very  pleasing  one.  The  usual  shade  of  purple  will  give  a  pret- 
ty contrast  with  other  stones  whose  color  blend  with  its  own. 
The  hardness  and  strength  are  good,  ranking  well  up  with  that  of 
the  best  sandstone,  while  at  the  same  time  it  is  resistant  to  atmos- 
pheric changes.  A  vast  amount  is  in  sight,  and  when  once  intro- 
duced, a  ready  market  should  follow. 

Washoe :  A  rock  similar,  yet  different,  from  the  three  tuffs 
mentioned,  is  found  at  Washoe,  on  the  Virginia  and  Truckee 
railroad.  This  notice  is  of  value  chiefly  from  a  historical  stand- 
point, as  several  of  the  old  abandoned  buildings  of  the  once  thriv- 
i^  town  are  made  wholly  of  this  stone.  In  it's  nature  it  is  a 
volcanic  agglomerate,  or  a  consolidated  volcanic  mud,  and  an 
unusual  material  for  purposes  of  construction.  The  old  quarry 
is  on  the  hillsides  above  the  railroad  track  just  north  of  Washoe 
station,  in  a  surface  cut  only  a  few  feet  in  the  mass.  One  is 
tempted  to  describe  it  as  having  a  mud  color,  this  feature  is  so 
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very  inconspicuous.  More  specifically  the  color  is  mottled  light 
and  medium  dark  gray,  and  the  surface  usually  appears  du?tv  The 
texture  is  quite  porous.  Nothing  in  the  way  of  definite  substances 
or  minerals  can  be  easily  determined  or  distinguished.  It's  last- 
ing qualities  rank  with  an  average  sandstone,  but  its  strength  is 
less.  It  is  easily  available,  but  its  use  cannot  be  urged  in  the  face 
of  much  more  and  better  stone. 

ATMOSPHERIC  ROCKS 

SANDSTONES 

Nevada  has  had  developed  up  to  the  present  time  only  a  few 
rocks  of  this  family,  and  none  of  them  can  be  called  first-class. 
They  are  all  of  recent  geological  age,  and  owe  their  qualities 
to  their  youth.  As  the  development  of  the  state  goes  on,  more 
such  will  surely  be  found,  perhaps  some  of  the  very  best.  These 
stones  will  be  needed  as  the  cities  and  towns  grow,  and  the  best 
will  command  a  good  price. 

Carson :  The  first  and  most  important  sandstone  is  the  well 
known  one  at  the  State  Prison,  near  Carson.  The  quarr)-  consti- 
tutes the  prison  yard,  and  has  had  the  most  work  done  of  any  in 
the  state.  The  sandstone  beds  or  strata  occupy  the  site  of  an  ex- 
tinct lake,  and  exhibit  the  quite  famous  animal  tracks  on  the  pres- 
ent floor.  The  color  is  a  yellowish-gray,  a  gray  unfortunately, 
streaked  with  a  light  yellow,  and  not  uniform.  The  rock  is  rather 
heavily  bedded,  with  the  bedding  planes  nearly  horizontal.  This 
]x>sition  is  probably  the  same  one  the  stone  has  always  occupied, 
although  slight  tilting  may  have  occurred.  On  this  account,  of 
horizontality,  quarrying  is  easily  done.  That  mineral  content 
shows  the  stone  to  be  derived  from  the  weathering  and  deconi- 
]X)sition  of  a  granite,  the  yellowrsTi  tinge  being  due  to  the  oxidation 
of  the  iron  bearing  substances.  The  constituent  grains  are  ce- 
mented by  secondary  silica.  The  grain  of  the  rock  is  of  medium 
fineness  in  the  average,  but  at  times  becomes  quite  coarse,  con- 
taining pebbles  up  to  half  and  inch  in  size.  The  hardness  and 
strength  are  medium,  sufficient  for  all  ordinary  needs,  and  the  re- 
sistance to  other  forms  of  change  is  good.  There  is  much  ma- 
terial in  sight  at  the  prison  yard.  The  stone  has  been  used  largely 
in  Carson  and  Reno.  The  new  chemistry  building  at  the  Univer- 
sity is  constructed  wholly  of  it,  and  presents  a  very  satisfactor)' 
appeararice.  A  small  amount  has  found  a  resting  place  in  the 
stone  entrance  to  the  University  grounds,  as  is  shown  in  the  front- 
ispiece. . 
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Fallon :  This  sandstone  occurs  near  the  town  of  Fallon,  in 
Oiurchill  county.  Little  quarrying  has  been  done,  but  samples  of 
the  rock  show  its  main  features.  In  color  it  is  a  cream  white  very 
uniform  in  the  small  pieces  shaped  for  exhibition.  The  grain, 
too,  is  uniform,  and  quite  fine.  It's  hardness  and  strength  are 
about  equal  to  those  of  the  Carson  stone,  and  satisfactory.  It 
should  resist  the  weather  well,  and  appear  to  be  a  very  fair  stone 
for  building  purposes.    Mr.  L.  B.  Self,  of  Reno,  is  the  owner. 

Winnemncca :  There  are  two  varieties  of  these  stones  quar- 
ried near  and  used  in  Winnemucca.  Neither  are  first-class  in  any 
respect,  though  they  do  well  enough  for  the  local  uses.  They 
are  taken  from  the  old  lake  beds,  to  the  northeast  of  the  town. 

The  first  stone  is  quarried  nine  miles  from  the  railroad  sta- 
tion and  hauled  in  by  team.  The  color  is  a  light  drab,  and  quite 
uniform.  The  minerals  and  substances  comprising  the  stone  do 
not  show,  on  account  of  the  fineness  of  the  grain.  Some  black 
flakes  of  mica  are  noticible,  but  nothing  else.  The  hardness  and 
strength  are  low,  too  low  for  anything  but  the  smaller  structures 
and  the  uses  demanding  little  power  to  withstand  pressure  or 
stress.  It  stands  temperature  changes  well,  and  were  its  strength 
higher  would  be  an  admirable  building  stone.  Some  new  build- 
ings have  recently  been  erected  in  Winnemucca  composed  largely 
of  this  stone.  Such  local  uses  are  well  met,  but  the  demand  for 
such  a  rock  will  of  necessity  be  limited  to  the  town  itself.  Mr. 
Joe  Pasquale  is  owner  of  the  stone. 

The  second  variety  of  sandstone  is  quarried  from  a  point  four 
miles  from  the  town,  and  much  more  available.  However,  the 
quarry  has  been  abandoned,  on  account  of  numerous  faults  and 
breaks  in  the  material,  which  render  the  cost  of  obtaining  stone  fit 
for  building  almost  prohibitive.  The  color  is  a  light  gray ;  the 
texture  is  coarser  than  in  the  first  variety,  and  somewhat  variable. 
The  hardness  and  strength  are  considerably  more  than  in  the 
first,  so  that  were  the  stone  to  be  easily  obtained  its  use  would  be 
wide.  New  developments  later  may  show  different  and  more 
favorable  conditions.  The  new  fire  company  house  in  Winne- 
mucca shows  a  handsome  front  of  this  material.  Mr.  Pasquale 
is  owner  of  this  stone,  as  of  the  first. 

Elko:  At  Elko  there  is  a  sandstone  much  like  the  first  one 
described  from  Winnemucca.  As  with  the  rest  of  the  soft  ma- 
terials, its  use  is  limited  to  small  buildings,  where  the  strain  upon 
it  is  light.  The  local  demands  are  met  sufficiently  well  by  it,  but 
h  can  never  have  wide  use.    There  is  surely  much  first  class  build- 
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ing  material  to  be  developed  in  this  part  of  the  state  as  the  popula- 
tion increases. 

MARBI^E. 

The  marbles  in  Nevada  are  well  represented,  although  little 
has  been  done  to  develop  them.  Only  a  few  are  quarried,  due,  of 
course,  to  the  scattering  demand  and  diflSculty  of  gaining  a  market 
against  other  stone  now  used.  It  should  not  be  many  years  before 
a  steady  market  is  open  to  them,  not  only  in  this  state,  but  h 
others  as  well. 

La  Moille  Valley:  On  the  borders  of  this  valley,  in  Elko 
county,  exists  a  vast  amount  of  a  fairly  good  variety  of  marble. 
No  quarrying  has  been  done,  but  some  stdtie  has  been  takon-eut 
to  show  its  character.  The  color  is  white  in  one  variety,  and  a 
g^y,  or  a  laminated  gray  and  white,  in  another.  The  white  is 
clear,  not  marked  by  yellowish  spots  or^aws.  The  stone  is  rather 
finely  crystalline,  and  takes  a  good  polish.  The  marbles  are  all 
hard,  brittle,  and  easily,  though  slowly,  soluble  in  atmospheric 
waters,  as  has  been  discussed  in  a  previous  chapter.  The  rock  is 
not  very  far  from  transportation  facilities,  and  should  meet  with 
some  demand.  The  uses  are  mainly  interior  ones,  such  as  tiling 
for  floors,  mantels,  mosaic  work,  and  others.  Mr.  W.  T.  Crane, 
of  Lee,  Elko  county,  is  the  owner. 

Humboldt  Mountains:  In  these  mountains  a  considerable 
amount  of  coarsely  crystalline  marble  exists,  which  may  prove  of 
some  value  upon  more  careful  investigation.  What  rock  has  been 
seen  shows  a  pure  white  color  with  few  impurities  appearing  on 
weathering.  This  is  not  the  only  place  where  such  rocks  arc 
known  to  exist ;  it  is  cited  merely  as  an  instance  of  the  little  knowi- 
edge  regarding  these  things. 

Luning:  More  marble,  of  gray  and  white  colors,  exists  in 
the  region  in  the  vicinity  of  Luning,  Esmeralda  county.  Some  of 
this  has  been  quarried  and  used  by  Mr.  Lindsay,  of  Carson,  and  it 
ranks  with  the  others  mentioned.  It  outcrc^s  on  the  line  of  the 
Carson  and  Colorado  railroad,  hence  is  easy  of  access,  which  is  a 
strong  point  in  its  favor.    More*fact^  concerning  it  are  needed. 

Topaz,  California:  Considerable  marble  is  found  in  Antelope 
Valley,  in  California,  opposite  Douglas  county,  in  this  State.  As 
its  use  and  development  comes  naturally  through  Nevada,  it  needs 
a  mention  here.  The  stone  varies  considerably  in  color,  from  white 
to  blue,  gray,  and  yellow.  As  the  locality  is  off  the  railroad,  the 
development  work  has  lagged,  but  the  rock  deserves  some  atten- 
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ROAD  METAL  AND  SOME  GENERAL  PRINCIPLES  OF  ROAD  MAKINa 

This  subject  does  not  come  strictly  under  the  head  of  building 
stones,  yet  its  vast  importance  to  the  welfare  of  any  ccwnmunity, 
together  with  the  fact  that  some  knowledge  of  rocks  is  essential 
to  a  proper  understanding  of  it,  more  than  justifies  a  short  chapter 
setting  forth  a  few  fundamental  considerations.  The  bicycle  and 
other  horseless  vehicles  have  done  one  great  work,  if  nothing  else; 
they  have  shown  conclusively  to  all  people  the  value  and  immense 
importance  of  good  roads. 

Time  was  when  the  old  earth  road  was  held  sufficient  for  all 
needs,  and  such  roads  were  not  even  crowned.  We  still  have  many 
earth  roads,  which,  when  properly  compacted  and  graded,  do  well 
enough  for  light  traffic  in  sparcely  settled  regions.  Where  travel 
is  at  all  heavy,  however,  earth  roads  become  a  makeshift,  and 
some  material  which  will  not  cut  to  pieces  is  needed.  Very  natur- 
ally, men  have  turned  to  rocks  to  furnish  such  material,  termed  in 
general,  "road  metal."  The  roads  made  by  crushed  rock  on  an 
earth  foundation  are  called  macadam,  from  the  name  of  the  man 
who  introduced  them. 

For  the  purposes  of  road  construction  we  have  a  vast  abun- 
dance of  rocks  of  various  kinds  and  character.  Bearing  in  mind 
the  classification  of  rocks  in  Chapter  II,  we  realize  the  range  of 
choice.  All  of  the  igneous,  atmospheric  and  metamorphic  rocks, 
of  hardness  greater  than  earth,  might  be  used.  By  clasjs  the 
igneous  rocks  are  hardest,  the  atmospheric,  softest;  the 
igneous  are  more  or  les(s  crystalline,  the  atmospheric  large- 
ly fragmental.  The  metamorphic  rocks  are  intermediate  in 
their  qualities.  In  Nevada  there  is  a  large  development  of  all 
these  kinds,  easy  of  access.  But  this  wide  range  of  choice  not 
only  furnishes  abundant  possibilities,  but  also  allows  the  selection 
of  the  best.  It  must  be  self-evident  that  all  road  materials  are  not 
of  equal,  nor  anywhere  near  equal  value.  There  is  always  a  best 
and  a  poorest  for  every  case.  In  order  to  select  the  best  road 
metal  for  a  certain  street  or  road,  a  knowledge  of  the  principles 
underlying  such  choice  must  be  had.    A  brief  account  of  these  will 

be  presented. 

The  fundamental  fact  on  which  all  road  making  is  done  is 
the  simple  one  that  a  highway  is  constructed  to  withstand  constant 
wear.  It  must  first  be  known,  therefore,  of  what  this  wear  con- 
sists. The  wasting  of  a  road  is  due,  first,  to  chemical  agencies; 
second,  to  physical  agencies ;  and,  third,  to  mechanical  agencies. 
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The  chemical  agencies  are  those  constantly  at  work  in  the  atmos- 
phere, and  producing  (i)  solution  and  (2)  decomposition,  as 
pointed  out  under  building  stones.  The  physical  aj-cnis  are  like- 
wise atmospheric,  and  are:  (i)  frost,  producing  disruption  of 
the  road  and  of  the  individual  rock  fragments;  (2)  the  effects  of 
rain  falling  on  the  surface,  running  off,  loosening  the  road  sur- 
face and  transporting  the  material  away;  (3)  the  wearing  effects 
of  the  wind  in  carrying  off  the  fine  particles  as  dust.  The  mechan- 
ical agencies  are  due  to  the  action  of  living  things ;  the  wearing 
down  and  grinding  up  of  the  surface ;  the  crushing  effect  of  heavy 
loads  and  impact  of  of  the  feet  of  animals ;  and  the  possible  injur- 
ious effects  of  roots.  With  roads  properly  constructed,  of  those 
forces  tending  to  impair  their  usefulness  the  physical  and  mechan- 
ical agnets  are  most  important. 

Enough  has  been  written  of  chemical  agencies  under  a  pre- 
vious head,  so  that  a  mere  mention  is  all  that  is  here  necessary. 
Such  processes  in  nature  are  so  slow  that  roads  suffer  little  com- 
paratively from  them.  However,  chemical  reactions  play  an  im- 
portant part  in  the  process  of  compacting,  or  binding  a  road  bed 
and  making  it  durable.  This  power  of  binding,  or  cementing,  in 
a  road  metal,  is  an  essential  quality,  and  the  higher  it  is  the  better. 
All  other  things  being  equal,  the  ideal  road  material  is  that  one 
which  will  furnish  a  large  percentage  of  mineral,  or  minerals,  that 
do  not  alter  or  which  change  very  slowly,  with  some  other  mineral 
or  minerals  capable  of  furnishing,  by  slight  decomposition,  suffi- 
cient cementing  substance  to  bind  the  whole  together  as  a  solid 
mass.  The  particular  minerals  best  fitted  to  accomplish  this  end 
are  those  containing  iron  and  alumina,  with  silica.  Lime  bearing 
minerals  also  are  valuable.  By  way  of  a  homely  illustration,  this 
process  may  be  likened  to  a  sidewalk  made  of  nails,  which,  on 
being  allowed  to  remain  for  some  time,  becomes  rusted  into  a 
solid  condition.  There  are  several  more  important  binding  mate- 
rials, as  clay,  secondary  iron  minerals,  calcite  or  lime,  and  some- 
times silica.  These  must  form,  in  order  to  be  of  greatest  good, 
in  just  the  right  amount  to  bind  the  gradually  pulverized  surface 
coating,  as  well  as  to  harden  the  whole. 

Of  the  physical  agencies,  in  regions  of  considerable  range 
of  temperature,  the  action  of  frost  may  be  of  some  moment.  As 
mentioned  under  rock  weathering,  water,  entering  the  pores  of 
a  stone  and  in  cracks,  on  freezing  becomes  a  powerful  lever  tend- 
ing to  disrupt  the  material.  Also,  the  mere  alternate  coding  and 
warming  by  daily  variation,  gradually  weakens  a  rock.  Iti  mild 
climates  these  things  play  no  part.    The  effect  of  rain  in'loiosen- 
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ing  and  wearing  away  the  road  surface  may  become  a  source  of 
danger  in  poorly  constructed  highways.  The  greater  effect  of 
rain  is  its  power  of  transporting  the  layer  of  fine  material  neces- 
sary on  every  well  kept  road.  This  action  is  measured  by  the 
specific  gravity  of  the  minerals  composing  the  rock  surface,  their 
shape,  and  their  state  of  compactness.  For  instance,  mica  is  a 
])Oor  miner  to  have  in  a  road  metal,  because  of  its  flaky  nature 
which  allows  of  its  easy  transportation  by  the  rain  and  wind. 
The  selection  of  a  stone  must  consider  all  these  points.  In  like 
manner  the  winds  are  constantly  picking  up  and  carrying  off  as 
dust  the  lightest  rock  flour  from  the  surface,  often  sweeping  the 
streets  clean  of  loose  fragments  and  depositing  dust  over  nearby 
houses  and  vegetation.  Thus,  the  rain  and  wind,  together  or 
singly,  are' mainly 'resfK^nsible  for  the  loss  of  that  layer  of  finely 
ground  rock  which  should  constantly  cover  the  top  of  every  road 
and  street  a  small  fraction  of  an  inch  in  thickness. 

The  mechanical  agencies  are  the  most  easily  seen,  and  are 
chiefly  the  grinding  and  pounding  of  the  travel  over  the  high- 
ways. The  pulverized  surface  is  thereby  constantly  loosened 
ready  for  the  wind  or  rain,  and  just  as  fast  as  this  disapi>ears  more 
is  worn  from  the  underlying  rocks  to  replace  it.  Also,  if  the  mass 
of  the  road  be  not  well  compacted,  it  will  loosen,  tending  to  fonii 
*'chuck  holes."  Obviously,  the  heaviest  traffic  will  do  the  most 
damage,  and  will  be  the  most  difficult  to  meet.  The  disrupting 
effect  of  roots  should  be  reduced  to  nothing  by  a  proper  construc- 
tion of  the  road  bed. 

Keeping  these  considerations  in  mind,  it  can  be  seen  that  a 
choice  of  road  metal  is  made  by  considering  for  every  case  ( i )  the 
requirements  which  the  road  must  fulfill ;  and  (2)  the  power  of 
given  materials  to  meet  these  conditions.  In  any  one  locality  the 
mechanical  wear  and  tear  is  all  that  varies  appreciably,  the  rest 
remaining  practically  constant.  In  other  words,  the  traffic  changes 
from  place  to  place,  so  that  we  need  harder  and  firmer  highways 
in  a  city  than  in  the  open  country.  These  five  divisions  of  traffic 
are  commonly  made  to  denote  this:  City  (perurban),  urban, 
suburban,  highway,  and  country  road.  City  traffic  is  that  existing 
on  the  streets  of  large  cities,  and  no  ordinary  macadam  can  with- 
stand it.  Stone  and  wooden  blocks,  asphaltum,  vitrified  brick,  and 
some  few  other  substances  are  commonly  used.  Urban  traffic  is 
that  common  to  city  streets  not  used  for  continuous  heavy  team- 
ing. The  fiardest  and  toughest  macadam  must  be  used,  for  the 
wear  is  heavy.  Suburban  traffic  is,  as  the  name  denotes,  that 
found  on  citv  streets  in  their  outer  limits,  and  in  the  main  thor- 
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affected  by  frost  should  not  be  used  in  a  cold  region,  nor  will  a 
brittle  one  give  the  best  results  in  a  dry  climate.  It  appears  to  be 
the  consensus  of  opinion  that,  all  things  considered  those  rocks 
called  popularly  '"traps"  are  the  best.  These  rocks  are  found 
typically  as  dykes,  hence  are  intermediate  in  texture,  and  are 
largely  diabase  and  diorite.  They  are  among  the  toughest  of  the 
rocks,  and  usually  have  good  binding  power.  The  best  varieties 
of  these  traps  make  satisfactory  roads  for  urban  traffic,  but  are 
too  hard  and  tough  for  the  lighter  travel.  The  finer  grained 
plutonic  rocks  probably  come  next  in  order  of  value,  the  more 
basic  being  the  best  as  a  rule,  because  of  better  cementing  qualities. 
Granite  is  often  frowned  upon,  yet  some  granites  have  g^ven  good 
results.  The  presence  of  hard,  but  brittle,  quartz  seems  to  be  the 
chief  objection,  while  micaceous  granites,  as  well  as  all  rocks  con- 
taining mica,  are  unsatisfactory.  However,  given  a  binding 
power  in  a  stone,  any  ordinary  amount  of  free  quartz  is  of  real 
value,  because  it  is  not  decomposed  under  ordinary  conditions, 
and  furnishes  an  unchanging  base  for  the  road.  The  volcanic 
rocks  are  of  varying  values.  Basalt  blocks  are  used  for  paving 
for  city  traffic,  but  for  macadam  their  field  is  limited.  Preference 
is  g^ven  the  crystalline  rocks.  Rhyolites,  with  sufficient  binding 
power,  have  given  excellent  results  in  some  localities.  Andesites 
might  also  make  good  roads.  The  crystalline  metamorphic  rocks, 
the  gneisses  and  schists  have  been  usjed  with  good  results.  Of 
the  atmospheric  rocks,  few  seem  to  find  favor.  In  the  West,  es- 
pecially in  California,  such  rocks  have  been  largely  used,  with 
eminent  success.  In  Golden  Gate  Park,  San  Francisco,  a  dark  red 
chert  has  furnished  material  for  the  excellent  roads,  which  are 
among  the  finest  in  the  State.  At  other  points  around  San  Fran- 
cisco bay,  and  in  the  interior  valleys,  where  the  climate  is  much 
like  that  of  western  Nevada,  a  metamorphic  sandstone  has  made 
fine  roads.  Also,  a  dark  basic  diorite  has  been  used  for  heavy 
traffic  with  satisfactorv  results.  Limestone  would  seem  on  the 
face  of  the  matter  to  be  almost  worthless  as  a  road  metal,  yet  some 
roads  have  been  constructed  of  it  in  the  east  with  great  satisfac- 
tion. Some  varieties^  are  hygroscopic,  that  is,  attract  moisture 
from  the  air  and  might  prove  of  service  in  a  dry  climate.  Here 
in  Nevada,  and  particularly  near  Reno,  where  the  construction  of 
stone  roads  will  begin,  there  are  several  promising  rocks.  An 
immense  supply  of  rhyolite  containing  considerable  irt>n  outcrops 
less  than  a  mile  north  of  Reno,  and  an  abundance  of  a  mrfura 
basic  granite,  much  of  it  without  mica,  or  with  little,  exists  to  the 
south  and  west.     The  latter  rock,  considering  the  traffic,  might 
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CHAPTER  VI. 


CONCLUSION. 


There  are  a  few  points  to  be  emphasized  and  a  few  explained 
before  bringing  this  paper  to  a  close.  The  real  need  of  such  pub- 
lications, incomplete  as  they  must  necessarily  be  in  a  new  and 
undeveloped  State  like  Nevada,  is  surely  apparent  to  all  pro- 
gressive citizens.  The  vast  size  of  the  unknown  and  undeveloped 
in  the  State  is  almost  appalling  when  contrasted  with  what  little 
is  known.  And  the  work  of  the  future,  the  proper  opening  up  of 
the  State  in  all  possible  ways,  depends  largely  upon  the  methods 
of  its  accomplishment.  The  haphazard  stage  has  been  passed, 
and  we  must  build  solidly  and  scientifically.  The  bonanzas  have 
been  exhausted  from  the  great  Comstock,  and  the  future  of  that 
famous  lode  rests  upon  the  scientific  mode  of  attacking  the  prob- 
lem now  present:  that  of  working  immense  bodies  of  low-grade 
ore  at  a  profit.  And  with  the  agriculture  of  the  State,  that  indus- 
try which  heretofore  lagged  behind  the  rest,  the  great  problems 
of  irrigation  are  fundamentally  connected.  Every  detail  must  be 
worked  out  scientifically,  in  accordance  with  law  and  order. 
Likewise  with  the  building  stones  of  Nevada.  No  order,  and  little 
real  knowledge  has  governed  the  choice  and  use  of  materials  in 
the  past.  No  harm  has  been  done,  because  the  needs  were  few 
and  simple.  But  with  the  growth  of  large  towns  and  cities,  new 
and  great  buildings  will  be  required,  and  real  scientific  facts  about 
the  materials  of  construction  available  will  be  needed.  And  so 
with  many  other  lines  of  human  activity.  We  need  not  only  to 
know,  but  to  know  in  the  right  way ;  to  have  scientific  knowledge, 
to  understand  law  and  truth.  It  is  largely  to  aid  in  bringing  about 
the  acceptance  of  such  considerations  that  this  paper  has  been 
written. 

Regarding  the  subject  matter,  a  few  words  of  explanation 
seem  necessary.  First,  the  rock  classification  may  strike  petro- 
raphers  as  rather  behind  the  times.  It  is,  and  necessarily  so.  The 
tendency  of  modem  petrographic  thought  ts  toward  the  drawing 
of  fine  lines,  and  the  classification  of  rocks  in  accordance  with  new 
ideas  and  conceptions.  This  is  all  necessary  and  right,  but  the 
unitiated  have  no  use  for  such  terms  as  **persalane,"  "dofemic,*' 
and  the  rest.  A  popular  terminology  will  and  must  always  be 
distinct  from  the  petrographic,  if  such  names  are  universally 
adopted  by  scientists.  The  main  idea  underlying  the  writing  of 
the  chapter  on  the  classification  of  rocks  is  this:  To 
convey     some     definite     idea     to     the     practical     man     re- 
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L  Introduction. 
^HuacH,  in  hia  treatise  on  the  Comstock  Lode,' 

clear  account  of  the  conditions  of  the  mine 

iT  of  Mining  aod  Metallurgy,  UniTeraitj  of  Nevada. 
ttaet  Lodt:  lit  Formaiion  and  HMory  (18791. 
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daring  the  period  of  greatest  activity.  The  difficulties  in  the 
way  of  deep  mining  at  that  time  were  excessive  water  and  high 
temperature.  The  drainage  of  the  mines  taxed  the  financial 
resources  of  the  mining  companies,  and  the  high  temperatures 
restricted  the  capacity  of  the  miners  for  underground  labor. 
In  spite  of  these  difficulties  exploratory  work  was  continued 
until  the  financial  burden  of  removing  the  water  became  too 
great  The  companies  then  restricted  the  work  to  the  upper 
levels.  The  years  1883  to  1886  marked  the  period  of  cessation 
of  deep  mining. 

For  12  years  thereafter  mining  was  confined  to  the  levels 
above  the  Sutro  tunnel ;  and,  while  the  question  of  drainage 
was  more  or  less  agitated,  nothing  of  importance  was  done 
until  the  formation  of  the  Comstock  Pumping  Association  in 
1898.  Since  that  time  successive  levels  have  been  drained 
until,  at  present,  on  the  north-end  mines,  a  depth  of  700  ft. 
below  the  Sutro-tunnel  level  has  been  reached.  Mining  is  now 
carried  on  in  the  Ophir  mine  from  the  1,700-  to  the  .2,200-ft. 
levels,  and  a  winze  is  being  sunk  to  make  connection  with  the 
2,300-ft.  level  (the  2,450  ft.  of  the  C.  &  C.  shaft). 

In  1903  the  "Ward  Shaft  Association  was  formed  to  under- 
take the  draining  of  the  Central  and  Gold  Hill  group  of  mines, 
and  at  the  present  time  a  depth  of  2,500  ft.  has  been  reached 
in  the  Ward  shaft.  The  situation  at  the  Ward  looks  promis- 
ing, and  the  3,000-ft.  level  may  be  reached  in  the  near  future. 
It  is  proposed  to  establish  a  large  pumping-station  on  this  level, 
and  then  begin  the  opening  of  known  ore-bodies  and  the  pros- 
pecting  for  new  ones. 

The  main  factors  which  have  contributed  to  the  successful 
solution  of  the  drainage  problem  are  the  Sutro  tunnel,  the  use 
of  the  hydraulic  elevator  as  a  sinking-pump,  the  concentration 
of  pumping-units,  and  cheap  electrical  power. 

The  question  of  high  temperature  and  its  control  still  remains 
as  a  minor  but  important  problem.  The  temperatures  encoun- 
tered in  the  new  workings  are  as  great  as  those  in  the  earlier 
periods.  The  Comstock  was  considered  the  hottest  group  of 
mines  in  the  world,  and  I  am  not  aware  of  similar  conditions 
in  any  other  mining-district  A  water-temperature  as  high  as 
160°  F.  has  been  reported  from  the  Ward  shaft,  and  tempera- 
tures below  the  Sutro  tunnel  are  very  high  in  many  instances. 
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n.  Temperatures. 

In  any  system  of  natural  ventilation,  surface  and  under- 
ground temperatures  play  an  important  part. 

1.  Surface- Temperatures  and  Conditions. — Virginia  City,  Nev., 
does  not  possess  a  meteorological  station,  and  consequently  no 
records  of  the  weather-conditions  are  available.  However,  the 
records  of  the  government  station  at  Reno,  18  miles  NW., 
supply  this  deficiency.  Virginia  City  has  an  altitude  of  be- 
tween 6,000  and  6,500  ft.,  and  Reno  4,558  ft.,  above  sea-level. 


Per  Cent. 


Jan.       Feb.        Mar.      Apr.       May       June       July       Aug.      Sept.      Oct.       Nov. 

FiQ.  1.— CuBVES  OF  Maximum,  Mean,  and  Minimum  Temperatures,  Rela- 
tive Humidity,  and  Barometic  Height,  at  Reno,  Nev.,  in  1907  and 
1908. 

The  difference  in  altitude  would  make  some,  but  not  a  very 
great,  difference  in  climatic  conditions. 

The  maximum,  mean,  and  minimum  temperatures,  the  baro- 
metric height,  and  the  average  relative  humidities  for  the  years 
1907  and  1908,  are  plotted  in  Fig.  1.  It  should  be  noted  that  the 
day-humidity  is  much  less  than  the  average  24-hr.  humidity; 
for  instance,  in  July,  1907,  the  average  humidity  of  four  days 
was  28 ;  in  August,  the  average  of  four  days  was  19 ;  in  Sep- 
tember, the  average  of  two  days  was  21.5;  in  October,  the 
average  of  four  days  was  51 ;  in  November,  the  average  of 
three  days  was  43 ;  and  in  December,  the  average  of  four  days 
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the  C.  &  C.  shaft  connection  and  the  "  hot  winze,"  the  air  was 
practically  dead,  and  in  June  the  average  was  100.3° ;  for  July 
it  was  101.6®.  On  July  17, 1  measured  a  temperature  of  102^ 
at  this  point  No.  8  station,  at  the  head  of  the  "  hot  winze," 
delivering  hot  air  from  the  workings  of  the  Ophir  mine  below 
this  level,  gave  an  average  June  temperature  of  102.8°,  and 
for  July,  103.3°.  No.  4  station,  at  the  connection  with  the 
Union  shaft,  showed  an  average  temperature  of  95.2°  for  Jane 
and  96.3°  for  July.  The  lowering  of  the  temperature  at  No.  4 
station  was  due  to  the  cool  air  ft*om  the  Union  shaft  leaking 
through  a  canvas  curtain  and  joining  the  hot  air  at  both  the 
north  lateral  and  the  connection  to  the  Union  shaft.  At 
stations  Nos.  3  and  4  the  temperature  was  measured  in  a  swiftly- 
moving  air-current. 

In  th^  Sutro  tunnel,  south  lateral,  no  temperature-records 
were  available,  but  observations  made  by  me  showed  a  tem- 
perature of  108.9°  in  the  vicinity  of  the  Julia  shaft,  Dec.  13, 
1908;  in  the  Ward  shaft  connection,  101.1°;  at  the  junction 
of  the  Ward  shaft  connection  and  the  south  lateral,  86° ;  at  the 
connection  of  the  Sutro  tunnel  and  south  lateral,  100° ;  west 
of  the  Combination  partition^  94.6°,  and  east  of  the  partition, 
93.7°.  A  temperature  has  been  noted'  of  105°  for  Apr.  16, 
1905,  in  the  Sutro  tunnel,  east  of  the  Combination  partition, 
and  during  the  months  of  July  and  August,  1908,  this  tempera- 
ture is  reported  to  have  prevailed. 

The  Sutro  tunnel  is  an  incast  and,  as  a  consequence,  the 
temperatures  vary  from  a  minimum  at  the  portal  to  a  maximum 
at  the  Combination  partition.  This  variation  was  measured, 
and  the  results  are  shown  in  Table  II.  The  tabulated  results 
are  plotted  in  Fig.  2. 

An  air-temperature  of  46°  was  raised  to  95°  in  passing  a 
distance  of  18,000  ft.  The  air-temperature  in  the  Sutro  tunnel 
varies  with  the  temperature  of  the  outside  air,  the  temperature  of 
the  water  passing  through,  and  the  rock-temperature.  The  most 
important  factor  is  the  temperature  ot  the  water  pumped  from 
the  C.  &  C.  and  the  Ward  shafts.  This  water  is  passed  through 
both  the  north  and  south  laterals  in  24-in.  wooden-stave  pipes, 
and  at  a  point  1,000  ft.  east  of  the  Combination  partition 
(approximately  18,000  ft.  from  the  portal)  the  pipe  terminates 

•  Leon  M.  Hall  and  Frederic  W.  Bishop,  Report  to  the  Comstock  Pumping  Asao- 
eiatum  (May  25,  1908). 

[6] 


n 


.^^sas^* 


X^Ofi' 


'<fiRA?S^ 


w 


962      VENTILATING-STSTBM   AT  THE   GOMSTOCK   MINES,  NEVADA. 

Table  III. —  Temperature' Measurements  in  North  and  South 

Laierals  of  Sutro  TSinneL 


Date. 


Distance. 


Tempera- 
tare  of 
Water. 


Dec.  18,  1908. 
Dec  13,  1908. 
Dec.  13,  1908. 

Dec.  13,  1908. 

Dec  13,  1908. 

Dec  13.  1908. 
Dec  13,  1908. 
Dec  13,  1908. 
Dec  13,  1908. 

Dec  13,  1908. 
Dec  13,  1908. 
Dec.  13,  1908. 
Oct  11,  1908. 
Oct.  11,  1908. 
Oct.  11,  1908. 
Oct  11,  1908. 


Surface,  Ward  shaft 

1,600-leytl  station 

Half  to  souUi  lateral 

f  Junction  south  lateral ) 
\  and  Ward  connection.  / 
( South  latend  south) 
\     from  charge  station.  / 

2,300  ft  from  tunnel 

1,550  ft.  from  tunnel 

400  ft  from  tunnel 

100  ft  from  tunnel 

r  Sutro  tunnel  at  junc-1 
\  tion  of  south  lateral,  j 
r  Sutro  tunnel  lOU  ft ) 
\  west  of  north  lateral,  f 
f  75  ft  west  of  Combina-  \ 

\     tion  partition i 

f  Outlet  of  air-pipe  near  1 
\  winze,  north  lateral,  j 
/  Cross-cut    to   C.  A  C.  \ 

\     shaft J 

f  Just  before  reach  i  n  g  ) 

\     Mint  shaft j 

\  Junction  of  Sutro  tun-  1 
\     nel  and  N.  lateral....  i 


Deg.  F. 


95.9 


Tempera- 
ture of 
Air. 


Deg.  P. 

lo.i 

88.7 
101.1 

87.8 

86 

968 
105.8 
108.86 
104.0 

100 
87.8 
94.6 
97.0 
93.2 
91.4 
90.9 


Relative 
Humidity. 


Per  Cent. 
39.6 
65.5 
63.5 

80.4 

84.6 

64.4 
54.4 
55.9 
63.8 

73.7 
91.4 
83.9 
46.5 
95.0 
95.0 
94.0 


Notes. 


7.45  a.  DEL. 


3.  Water- Temperatures  in  Sutro  Tunnel — Opportunities  for 
measuring  the  water-temperature  are  few  and  far  between.  On 
Oct.  11,  1908,  the  water  discharged  from  the  C.  &  C.  shaft  into 
the  tunnel  gave  a  temperature  of  95.9°  F. ;  on  Dec.  12  the 
water  from  the  "Ward  shaft,  close  to  the  Ward,  gave  a  tempera- 
ture of  141.8°.  On  the  same  day,  at  a  point  15,000  ft.  distant 
from  the  Sutro-tunnel  portal,  the  water- temperature  measured 
94.1°.  The  water-flow  from  the  C.  &  C.  shaft  amounts  to  from 
4,000  to  4,600  gal.,  and  from  the  Ward,  from  600  to  800  gal. 
per  min.  In  addition,  all  the  water  irom  the  ground  above 
the  Sutro  tunnel  drains  into  the  laterals  and  discharges  into 
the  Sutro  tunnel.  The  average  temperature  of  the  water  flow- 
ing into  the  Sutro  tunnel  at  the  Combination  partition  is 
between  94°  and  95°.  Miners  say  that  sometimes  this  tem- 
perature is  exceeded. 

4.  Temperatures  of  Mine-  Workings. — The  temperatures  in  the 
Ophir  workings  have  been  observed  for  some  time,  and  from 

[8] 


n 


^VWJ©; 


M 


K^Cff 


*<*JIAI^^^ 


n 


^vAwrtt^j^ 


964      VENTILATING-STSTBM    AT   THE   COMSTOGK   MINES,  NEVADA. 

the  daily  reports  Tables  IV.  and  V.  have  been  compiled.  Only 
a  few  readings  were  tabulated,  since  but  very  little  variation  in 
the  temperature  takes  place  from  day  to  day. 

From  Tables  IV.  and  V.  the  following  averages  have  been 
calculated  for  workings  below  the  Sutro  tunnel : 


Working-Place. 

Average  fh>iii  all 
Tables. 

Average  Maximom 
fh>m  all  Tables. 

Degrees  F. 
73.3 
102.1 
101.6 
110.5 
125.4 
103.0 
103.2 
109.7 

Average  Minimiua 
fh>m  all  Tables. 

2,250  station,  C.  A  C 

Degrees  F. 

67 
101.2 

99.2 
105.6 
116.9 
101.2 
103.0 
109.7 

Degrees  F. 
62.7 

2, 200  station,  Ophir  winze. .... 
2,150  drift 

100.6 
95.3 

2,250  drift 

101.8 

2,350  drift 

108.5 

2,100  stopes 

99.0 

2,200  stopes 

2,200  raise 

102.8 

The  temperatures  given  for  the  2,250  and  other  stations  of 
the  C.  &  C.  show  the  temperatures  of  the  incoming  air-cur- 
rents on  the  different  levels.  The  measurements  in  the  drifts 
give  the  temperatures  after  the  air  has  been  heated  to  a  maxi- 
mum by  contact  with  the  walls  of  the  drifts.  A  particularly 
hot  zone  was  passed  through  by  the  2,360  drift  close  to  the 
2,350  station  of  the  C.  &  C.  Before  connection  was  made 
with  the  Ophir  winze,  the  temperatures  were  so  excessive  as 
to  cause  the  miners  much  suffering.  As  soon  as  a  connection 
was  made  the  temperature  dropped  about  15°.  A  progressive 
increase  in  temperature  with  depth  is  to  be  noted  in  the  case 
of  the  drifts.  Few  measurements  were  made  at  different  ele- 
vations in  the  stopes,  but  the  air-current  rises  in  temperature 
as  it  ascends  in  the  stope.  Confined  mine-workings,  such  as 
drifts  and  raises,  were  usually  observed  to  be  the  hottest  work- 
ings, especially  where  no  air-connections  exist.  Large  mine- 
openings,  such  as  stopes,  are  usually  cooler. 

m.  The  Ventilating-Systbm  in  General. 

A  ventilating-current  on  the  Comstock  must  provide  pure  air 
for  the  miners  and  a  sufficient  volume  to  temper  the  heat  of  the 
underground  workings ;  it  must  also  remove  the  steam  and  the 
gaseous  products  of  blasting.  A  ventilating-current  of  sufficient 
volume  to  cool  the  workings  enough  to  be  noticeable  would 
meet  all  the  other  requirements.     The  general  and  consider- 
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Ward  measures  235,835  cu.  ft  per  min.,  and  the  amount  of 
down-cast  air  measures  216,687  cu.  ft  per  min.  The  discrep- 
ancy between  the  two  amounts  is  due  to  the  difficulty  of  making 
accurate  measurement,  of  rise  in  temperature,  leakage,  variation 
in  the  velocity  of  the  air-current  at  different  times,  and  the 
accession  of  water-vapor  and  gases  from  the  mine-workings. 
The  distribution  of  the  air  between  the  shafts  is  shown  by 
Table  VI. 

Table  VI. — Distribution  of  Air  in  Upcasts^  Down-Casts^  and  the 

Sutro  Tunnel. 


00 


Combination 

Ophir 

Belcher. 

Ward 

Total  upcast  air.. 

C.  AC. 

Union 

Yellow  Jacket... 

Alta 

Mint 

Overman  on\ 

900-ft.  level..  / 
Unaccounted) 

for  in  Belcher  j 

Sutip  tunnel 

Ward  shaft 

Total      down^T 
cast  air j 


^1 

II 

4 
4 
3 
1 


12 


3 
4 
3 
2 

IJ 
3 


i 


Sq.Ft. 
129 

94 

60 

33 


316 


77.3 
126 
64.2 
43.3 
30 

60 


1 
2 


19} 


63 
65 


518.8 


•a 


§ 


Ca.  Ft.  per  Min. 
51,651 
58,454 
31,706 
94,024 

235,835 

28,941 
13,814 
10,665 
13,364 
7,500 

5,981 

15,060 

27,339 
94,024 


216,687 


S 

IS 

DegTF. 
87.6 
88.9 
73.9 
67.5 


1® 

2LS 

ill 

|3S 

D«g.P. 

95.2 

1,600 

fftS.o 

1,600 

87.3 

1,100 

104 

2,475 

Yellow  Jacket 


From  Table  VI.  the  average  velocity  in  feet  per  minute  has 
been  calculated  as  follows : 

Cu.  Ft.  Per  Min. 

Whole  upcast  area, 746.3 

Whole  down-cast  area, 417.6 

Whole  upcast  area,  excluding  Ward  shaft,     ....     501.1 
Whole  down-cast  area,  excluding  Ward  shaft,       .        .        .     264.4 

An  interesting  comparison  with  past  conditions  is  afforded 
by  the  data  given  by  Church.*  Table  VII.  is  quoted  from  his 
treatise. 


*  The  OomMiock  Lode:  lis  Formation  and  History,  p.  18  (1879). 
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Table  VIII. — Measurements  of  Air,  Temperatures,  and  Rdatiet 
Humidities  at  the  Sutro-7\innd  Level. 


M 


*«i*^ 


'<S^" 


H 


1 

11 

F. 

Dec.  28. 
Dec.  18. 

G.&C 

Not.  IS, 

8. 

Not.  16. 

H.4N. 

Not.  15. 

CAC. 

Dec.  28. 

«- 

Deo.  IB. 

j  July  is! 


July) 
July  1,. 
July  IB. 
Jul*  IT. 
July  18. 
jDly  IT. 
July  IK. 
July  16. 
July  IE. 
July  IT. 
July  IT. 


8q.  FL  :  Cu.  Fc.  per  Deg.  F.      Per 


:a,31& 
16,440 


"'"[^^ 


j     through  IS-in.  pipe. 
I     ThrouglTaoor. 
■     Mine  ilr. 

-  Cartain  al  N.  closed. 
...    CurUlu  lit  N.  apeo. 

CuiUIn  at  N.  cWd. 
...   CurUIu  «(  N.  opeu. 

PamtlonalN. 
>     ParUtJonatN. 

-  Cu  run  Q  al  N.  closed. 

-  Curtain  at  N.  clond. 
)  Curtain  at  N.  closed, 
,.  Curtalaal  N.open. 
..  lAJr  [torn  old  Mopei. 
..    Air  rtom  old  slope*. 

..  Air  from  Union  ahaA. 
..  lAirfrom  Unloastufl. 

"  |Curtaln  closed  a(_N. 

l"  Icunaln  ^ed  at  N. 
..  ICun&ln  open  at  N, 
I     Alr-plpelD  panidon. 
I    ;Cuna£D  remoTOd. 
.     Air  going  ml. 

!     aMn.  pipe. 


east  drift;  the  remainder,  amounting  to  14,521  cu.ft.  permin., 
paesea  into  the  drift  until  it  reaches  a  stope,  where  two  fane  pick 
it  up,  one  forcing  the  air  past  the  etope  into  the  Consolidated 
Virginia  workings,  the  other  forcing  the  remaining  air  down 
through  the  Ophir  winze  to  the  2,200-ft.  level  of  the  Ophir 
mine.  The  Consolidated  Virginia  fan  (No.  3)  takes  3,823  cu. 
ft.  per  min.,  while  the  Ophir  fan  (No.  2)  takes  11,566  cu.  ft.  per 
min.  Beyond  the  stope  another  fan  (No.  1)  takes  air  from  the 
Ophir-winze  station  and  forces  it  on  to  the  etopes  north  of  the 
Ophir  winze.     This  air  rises  up  through  the  stopes  and  event- 

[16] 
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Table  IX. — Air-Jfeasuremenls  at  Different  Sections  in  Ophir  Mine. 


• 

* 

9^ 

• 

0 

5r  •^ 

5i 

-3 

> 

i    % 

<        • 

> 

8q.Fl.  Ft.  per 

3 
S 

m 

9 

or 
Ctt.Fl. 

B 

• 

De*.  F. 

3^ 

Per 

Kotes. 

Mixu 

perMin. 

Cent 

July  15,  2/«0 

A. 

29.75 

240 

7,140 

97.2 

)6.5 

I«cie.2#. 

z/m 

A. 

31.50 

223 

7jOe4 

87.4 

31.2 

Julj  LV 

2/U> 

9a6fiui. 

1.77 

2,766 

4,896 

^^r^^^rm 

, , ,    ,, 

VelodtTlow. 
Inlet  of  £ui. 

Ii«9e.  2». 

2A*> 

No.efiui. 

1.77 

3,015 

5,389 

98.6 

37.5 

July  15. 

IfiOO 

B. 

29.73 

Am 

14,280 

116.6 

100- 

^1  Air  to  nprmlse  to  Sotro 
1     tonneL 

D«e.2», 

2/N)0 

B. 

23.22 

620 

14,396 

108.1 

86.7 

(Air  to  apndae  to  Sutro 
(    tnimeL 

JnlrU. 

2,000 

C- 

28.05 

175 

4.900 

112.3 

45.4 

Dee,  9. 

2/W 

C. 

26.00 

156 

4,066 

105.8 

58.8 

Dee,  39. 

2/«0 

D. 

25.6 

434 

11410 

107.6 

59.1 

Julr  15. 

2Jm 

E. 

20 

225 

3,375 

100 

96.5 

JnlrLS. 

%\m 

F. 

29.75 

7sn 

11310 

76.1 

96.4 

Dec  20. 

2400 

F. 

31.5 

461 

14,521 

61.8 

93.3 

July  15- 

2,100 

G. 

26 

320 

8,320 

96 

89 

Dee.  29. 

2,100 

Ko.  3  CiD. 

2.S2 

1,182 

3.323 

•«»«»«■• 

»*•••• 

inly  15. 

2,100 

H. 

29.75 

280 

8,330 

82.4 

?9.8 

Dec.2». 

2.1W 

H. 

30.9 

284 

8,776 

90.1 

55.3 

Dec.2». 

2,100 

Xo.  2  Ikn. 

7.01 

1,650 

11,566 

90.1 

65.3 

Dec,2». 

2,100 

No.  1  &o. 

1.67 

2,230 

3.791 

100.4 

49.7 

(Tempera tare  taken  at 
(    Opoir-wlnse  station. 

July  15. 

2,200 

1, 

28.25 

220 

6440 

89.6 

96.4 

Connection  made. 

July  15. 

2,200 

J. 

1,22 

3.492 

4460 

82.4 

( End  of  15-in.  air-pipe  : 
\    air  from  No.  4  fan. 

Dec.2». 

2,200 

K. 

28-25 

418 

11,667 

84.2 

88.4 

Dec.2». 

2,20r) 

L. 

••   ••»« 

•»«•«*• 

•••*•• ••• 

96.6 

98.8 

End  of  snow-aheda. 

Dec.  29. 

2,airj 

Hot  winxe 

^ 

102.7 

93.8 

Dec  29. 

2,200 

*«*'•••«•••»«• 

••■«•##• 

•••••  • 



1(M 

98.8 

50  ft  sooth  of  Ophir  winze 

Dec.  29. 

2.300 

/  Ophir  I 
i  wuize.  / 

»••«  ••• 

100.4 

45.8 

Dec.  29. 

2.200 

0. 

1 

1,996 

1.996 

89.6 

40.6 

Air  from  pipe.  No.  4  fim. 

Dec  29. 

2,300 

M. 

1.22 

606 

739 

102.2 

48.5 

Air  from  pipe.  No.  1  Ikn. 

Dec.  29. 

2,20fJ 

N. 

1.11 

490 

514 

104.5 

36.5 

Air  from  pipe.  No.  1  fan. 

Dec.  29. 

2,2rjo 

«•■*##*•«*#••• 

«**••••• 

••••••« 

93.6  ' 

72.6 

Stopes  between  2,100-  and 
t    2,200-ft.  levels. 

raise  and  then  by  an  11-in.  pipe  to  the  working-face,  180  ft  dis- 
tant from  the  top  of  the  raise.  The  discharge  measures  894 
cu.  ft.  per  min.,  or  37.1  per  cent,  of  the  inflow.  The  section  of 
11-in.  pipe  caused  the  most  leakage.  The  fan  was  in  operation 
at  the  time. 

5.  Hale  and  Norcross  Mine. — The  Hale  and  Norcross  receives 
air  from  the  Mint  shaft.  A  16-in.  air-pipe  leads  to  the  H.  &  N. 
connection  in  the  south  lateral,  1,460  ft.,  and  from  this  point  a 
fan  takes  the  air  and  forces  it  to  the  H.  &  N.  and  Chollar  cross- 
cuts, distant  325  ft.;  11-in.  branch-pipes  take  the  air  to  the 
working-faces,  190  ft.  to  the  H.  &  N.  and  122  ft.  to  the  Chollar. 
The  H.  &  N.  discharge  measures  941  and  the  Chollar  934  cu. 
ft.  per  min.  The  combined  discharge  measures  1,875  and  the 
inflow  at  the  Mint  3,761  cu.  ft.  per  min.  The  discharge  is  49.8 
per  cent,  of  inflow.  The  measurements  of  both  the  Chollar  and 
the  H.  &  N.  are  given  in  Tables  X.  and  XL  and  Fig.  6. 

[20] 


n 


^iS2S5 


1 


M 


►ttv<%». 


'<fMRAfi^ 


W 


^t^VVl^A. 
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a  distance  of  18,700  ft.;  then  through  the  connection  to  the 
Combination  shaft,  a  distance  of  400  ft.,  and  then  to  the  sur- 
face, a  distance  of  1,600  ft.  vertically.  The  total  distance  is 
20,700  ft.  This  Combination  shaft  also  serves  to  draw  air 
from  the  workings  west  of  the  Combination  partition.  The 
average  quantity  of  air  from  the  east  is  27,339  cu.  ft;,  per 
min.  (average  of  four  observations  at  different  times) ;  from  the 
west  it  is  29,961  cu.  ft.  per  min.  (average  of  four  observations  at 
different  times) ;  and  the  total  average  passing  to  the  Comblna- 
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Fig.  6.— Plan  of  Chollar  and  Hale  and  Norcboss  Workings. 

tion  from  both  directions  measures  57,300  cu.  ft.  per  min.  The 
observations  made  at  the  Combination  partition  are  tabulated 
in  Table  XII. 

An  interesting  comparison  is  afforded  by  a  measurement 
made  in  the  Sutro  tunnel,  Mar.  7,  1909.  The  Sutro  tunnel 
just  west  of  the  Combination  partition  was  completely  blocked 
by  a  cave,  and  the  Combination  shaft  drew  air  only  from  the 
east  side.  The  quantity  of  air  measured  30,124  cu.  ft.  per  min.; 
temperature,  89.6°  F.;  relative  humidity,  100  per  cent.  The 
temperature  at  the  foot  of  the  shaft  measured  92.3®;  relative 
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crease  the  efficiency  of  the  shaft  as  an  upcast.  Instead  of  obtain- 
ing a  greater  volume  of  air  by  turning  the  full  effect  of  the 
upcast  shaft  upon  the  tunnel,  only  a  small  increase  resulted. 
This  is  a  direct  result  of  the  decreased  efficiency  of  the  shaft. 

A  recording-anemometer  was  placed  in  the  Sutro  tunnel  close 
to  the  Combination  partition,  and  three  24-hr.  records  taken 
of  the  east  air.  The  observed  velocities  are  tabulated  in  Table 
XIII.,  the  average  velocities  in  Table  XIV.,  and  the  quantities 
of  air  in  Table  XV.  The  anemometer  was  placed  in  the  posi- 
tion shown  in  Fig.  8.  The  ratio  between  the  average  velocity 
for  the  section  and  the  velocity  for  the  position  was  determined 
by  measurements  with  the  small  anemometer.  This  ratio  was 
found  to  be  1.12,  and  this  figure  was  used  in  reducing  the  ob- 
served velocities.     The  area  of  the  section  is  48.5  sq.  feet. 


Fig.  8. — Section  of  Sutbo  Tunnel  East  op  Combination  Pabtition, 

Showing  Position  op  Anemometer. 


x^otf- 


Table  Xm. —  Velocity-Readings. 
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Time. 


12  to 
Ito 
2to 
3to 
4  to 
6to 
6to 
7to 
8to 
9to 

10  to 

11  to 

12  to 


1  p.m. 

2  p.m. 

3  p.m. 

4  p.m. 

5  p.m. 

6  p.m. 

7  p.m. 

8  p.m. 

9  p.m. 

10  p.m. 

11  p.m. 

12  p.m. 
1  a.m. 


$3 

Sf 

•    -2  . 

2^ 

Hii 

S3i 

.IH 

•  fH 

► 

> 

o 

o 

^ 

Jz; 

Miles 

Miles 

Per  Hr. 

Per  Hr. 

'3V9O* 
3.76 
4.40 

4.25 

4.00 

4.30 

4.33 

4.20 

4.30 

4.50 

4.30 

4.44 

4.30 

4.64 

4.47 

4.34 

4.93 

4.50 

6.07 

4.55 

6.13 

5.10 

2, 


Miles 
Per  Hr. 


4.90 
5.40 
5.20 
5.00 
5.00 
5.20 
6.25 
5.65 
5.64 
5.38 


Time. 


Ito 
2to 
3to 
4to 
5to 
6to 
7to 
8to 
9to 

10  to 

11  to 

12  to 
Ito 


2  a.m. 

3  a.m. 

4  a.m. 

5  a.m. 

6  a.m. 

7  a.m. 

8  a.m. 

9  a.m. 

10  a.m. 

11  a.m. 

12  a.m. 

1  p.m. 

2  p.m. 
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Per  Hr. 
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4.60 
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4.60 
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MUes 
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4.00 
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5.50 
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and  operated  from  the  old  Yellow  Jacket  shaft.  On  the  first 
level,  the  900-ft.,  the  air  entering  measures  3,075  cu.  ft.  per  min. 
The  air  passes  through  a  drift  and  thence  down  a  winze  to  the 
1,000-ft.  level.  The  temperature  and  relative  humidity  of  this 
air-current,  at  a  point  500  ft;,  from  the  shaft,  measured  66.2®  F. 
and  55.6  per  cent,  respectively.  The  second,  or  1,000-ft.  level, 
receives  3,030  cu.  ft.  per  min.  from  the  shaft.  Part  of  this 
air  is  taken  by  an  air-pipe  and  conducted  a  distance  of  350  ft. 
to  a  raise  on  the  foot-wall  of  the  vein,  returns,  joins  the  re- 
mainder, and  then  passes  down  through  old  stopes  to  the  1,100- 
ft.  level. 

The  third,  or  1,10 0-ft.  level,  is  closed  by  a  door  in  the  drift, 
so  as  to  force  the  air  down  the  incline,  which  heads  at  this 
level,  into  an  old  station  which  is  being  reopened.  The  air 
escapes  up  through  old  stopes  to  the  1,100-ft.  level.  All  the 
air  passing  down  the  Yellow  Jacket  shaft  is  brought  together 
in  the  south  drift,  passes  through  a  cross-cut  to  the  old  Belcher 
incline,  and  thence  to  the  surface  through  the  Belcher  shaft;. 
The  amount  of  air  passing  through  the  drift  measures  10,665 
cu.  ft.  per  min.  The  900-ft.  level  bf  the  Overman  and  Cale- 
donia, corresponding  to  the  1,100-ft.  of  the  Yellow  Jacket, 
delivers  5,981  cu.  ft.  per  min.  to  the  Belcher  shaft.  The  total 
quantity  of  air  measured  on  this  level  is  16,646' cu.  ft.  per  min., 
while  the  average  passing  up  the  Belcher  is  31,706,  leaving 
unaccounted  for  15,060  cu.  ft.  per  min.  This  comes  from  the 
lower  levels  of  the  Overman  and  Caledonia,  but  no  measure- 
ment was  possible  at  the  time.  The  Yellow  Jacket  air  at  the 
foot  of  the  Belcher  incline  gave  a  temperature  of  79.7°  and  a 
relative  humidity  of  68  per  cent. ;  the  air  coming  from  the 
Overman  a  temperature  of  82.4°  and  a  relative  humidity  of 
62.3  per  cent. 

8.  Ophir  and  Belcher  Upcasts. — The  measurements  of  both 
these  shafts  are  to  be  found  in  Tables  XVI.  and  XVII. 

9.  Combination  Shaft. — The  measurements  for  the  Combina- 
tion shaft  are  given  in  detail  in  Table  XVIII.  The  numbered 
circles  in  Fig.  10  indicate  the  position  in  which  the  anemometer 
was  held  for  each  measurement. 

Table  XIX.  has  been  calculated  from  the  data  of  Tables 
XVI.,  XVII.,  and  XVHI. 

Since  the  cooling  of  the  upcast  air  directly  affects  the  effi- 
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Table  XVJJI. — Air-Measurements  in  Combination  Shaft. 

Velocity,  Feet  per  Minute. 


Pump. 


No.  1. 


Date, 
1908. 


July  16.... 

Oct.  10 

Nov.  14... 
Nov.  16.. 
Nov.  21... 
Dec.  27 


1. 

2. 

3. 

4. 

5. 

Average. 

110 

315 

830 

20O 

405 

272 

180 

260 

300 

370 

420 

306 

560 

500 

452 

500 

•  ••  •• 

510 

353 

436 

453 

459 

445 

490 

456 

206 

304 

320 

320 

222 

274 

312  '    400 

440  800 

630  520 

930  481  I 

612  I    488 

518  <    438 


8. 

9. 

312 

350 

•  •••• 

»••  •• 

622 

630 

622 

526 

10. 


570 


Average. 


270 
363 
402 
286 


389 
488 
510 
601 
525 
442 


Date, 

1906. 


No.  2. 


11. 


620  t 


July  16.... 

Oct.  10- ..J    

Nov.  14...  I  510 

Nov.  16...,  540 

Nov.  21...!     

Dec.27.....|  M8 


Average.  1 

( 
16. 

450 

17. 

453 

510 

411 

350 

870 

494      , 

520 

590 

430 

4M 

600 

556 

479 

617 

345 

1 

461 

429 

No.  3. 


18.    I    19. 


560 
600 
620 
600 
638 
485 


19. 

20: 

330 

275 

410 

422 

406 

615 

390 

560 

490 

584 

312 

403 

Average. 


425 
430 
549 
523 
561 
418 


Cubic  Feet  of  Air  per  Minute. 


Date, 
1908. 


July  16.... 

Oct.  10 

Nov.  14... 
Nov.  15... 
Nov.  21... 
Dec.  27.... 


Average.. 


Pump  C. 


10,472 
11,781 
19.404 
13,590 
17,556 
10,549 


13,892 


No.  1. 


No.  2. 


11,670 
14,640 
12,240 
14.424 
12.600 
10.608 


12,697 


13,590 

8.220 

9,880 

8.600 

11.120 

10.850 


10.293 


No.  3. 


Total. 


13,750 
12,900 
16,470 
15.690 
16,&30 
12,540 


49.482 
47.551 
57.994 
52,309 
58.111 
44,047 


Average 
Velocity. 


14.696 


51,582 


385 
434 
514 
476 
524 
870 


450 


Date, 
1906. 


July  16.... 
Oct.  10..... 
Nov.  14... 
Nov.  16... 
Nov.  21... 
j.ieo.  ^#M... 
Nov.  16... 
Nov.  17... 
Nov.  18... 


Time. 


Temperature, 
Shaft-Collar. 


Relative 

Humidity, 

Shaft. 


10.00  a.m. 

8.30  p.m. 
8  to  4  p.m. 
3.00  p.m. 
1.80  a.m. 
2.00  p.m. 
8.00  p.m. 
8.00  p.m. 


Deg.  F. 
m.6t 


88 

89 

89 

84.2 

87.0 

88.0 

88.0 


Surface 


Relative 


Tem.SjS'ture.  I  "^i'^^'l  B»««»<"«'- 


Per  Cent. 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 


65.8 

50.0 
52.9 
42.8 
46.0 
61.0 
64.0 
56.0 


Per  Cent. 

In. 

29.9 

24.35 

•>•••• 

28.92 

S3.8 

28.90 

65.0 

28.70 

54.0 

24.00 

24.00 

24.00 

23.80 

Table  XIX. — Relation  Between  Depth  of  Shaft  and  Cooling  of 

Air-Current, 


Shaft. 


Tem- 
perature 
at  Foot. 


Deg.  F. 

Ophir I   102.1 

Belcher. '     81.0 

Combination,  i     95.1 


Tem- 
perature 
at  Collar. 


Deg.  F. 
88.9 
73.9 
87.6 


Depth 

of 
Shaft. 


Lo68in 
Tempera- 
ture. 


Loss  In       Loss  In 
Tempera-  Tempera- 
ture, per    ture.  per 
1.000  Ft.  ;  1.000 Cu. 

Depth.      Ft.  Air. 


.1  . 


Ft. 
1,600 
1,200 
1,600 


Deg.  F. 
13.2 
7.1 
7.5 


Deg.  F. 
8.25 
6.00 
4.70 


Deg.  F. 
0.22 
0.22 
0.145 


I  Loss  in  Tem- 
iperature,  per 
i  1.000  Rq.  Ft. 

Ruhblng- 
i      Surflice 

Per  Mln. 

Deg.  F. 

0.06 

0.07 

0.02 


r  Ophir,  95.5°. 

Average  temperature  of  npcast  air,  -j  Belcher,  77.4°. 

I  Combination,  91.35°. 
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Table  XX. — Air-  Velocity  Measurements^  Combination  Shaft. 

Observed  VelodtieB,  Miles  per  Hour. 


»ttvci». 


Time. 

Nov.  14  to  15. 

Nov.  16  to  17. 

Nov.  17  to  18. 

4  to   5  p.m. 

6.20 

* 

5.35 

5.60 

5  to   6  p.m. 

5.60 

5.50 

5.35 

6  to   7  p.m. 

6.70 

6.10 

5.60 

7  to   8  p.m. 

6.70 

6.30 

5.80 

8  to  9  p.m. 

6.30 

6.30 

5.80 

9  to  10  p.m. 

6.70 

6.30 

5.95 

10  to  11  p.m. 

6.30 

6.80 

6.10 

11  to  12  p.m. 

5.80 

6.30 

5.60 

12  to    1  a.m. 

6.30 

6.10 

6.70 

1  to   2  a.m. 

6.70 

6.70 

6.30 

2  to    3  a.m. 

6.70 

6.30 

6.20 

3  to    4  s.m. 

6.80 

6.30 

4  to   5  s.m. 

6.70 

5.80 

6.70 

6  to   6  a.m. 

6.70 

5.80 

6  to   7  a.m. 

•  ••••• 

6.70 

6.80 

7  to    8  a.m. 

6.30 

6.10 

6.10 

8  to    9  a.m. 

6.10 

5.80 

5.60 

9  to  10  a.m. 

5.80 

5.80 

5.80 

10  to  11  a.m. 

5.80 

5.35 

5.80 

11  to  12  a.m. 

5.80 

5.80 

5.35 

12  to    1  p.m. 

5.60 

5.35 

5.80 

1  to    2  p.m. 

4.80 

5.35 

5.35 

2  to    3  p.m. 

5.35 

5.10 

3  to    4  p.m. 

•  •«  •  •  • 

6.10 

5.50 

Table  XXI. — Average  Velocities  Over  Shaft  Section. 


'^RAfU^ 


w 


Average 
Velocity. 

Maximum 
Velocity. 

Minimum 
Velocity. 

Date.  1908. 

MUes 

per 

Hour. 

Feet 
M^te. 

Miles 

per 

Hour. 

Feet 

per 

Minute. 

549.7 
588.6 
549.7 

Miles 

per 

Hour. 

4.03 
4.49 
4.28 

Feet 

per 

Minute. 

Nov.  15  to  16... 
Nov.  16  to  17... 
Nov.  17  to  18... 

5.67 
5.03 

4.87 

547.1 
485.3 
469.9 

5.71 
5.58 
5.71 

388.8 
488.3 
418.9 

Averaire 

5.19 

600.7 

5.65 

544.8 

4.26 

412  0 

1 

Time  of 

Maximum 

Velocity. 


8  to  4  a.m. 
1  to  2  a.m. 
6  to  7  a.m. 


1  to  7  a.m. 


Time  of 

Minimum 

Velocity. 


1  to  2  p.m. 
12  to  3  p.m. 

2  to  8  p.m. 


1  to  8  p.m. 


Table  XXII. —  Volume  of  Air  in  Cubic  Feet  per  Minute 

a>  9 


Date, 
1908. 

• 

1 
5 

• 

a 
S 

s 

1 

Shaft- 
Temperature. 

It 

OQ  g 

n 

Percent. 
100+ 
100+ 
100+ 
100+ 

Nov.  15  to  16 

Nov.  16  to  17 

Nov.  17  to  18 

66,745 
59,210 
57.880 

67,063 
65,098 
67,063 

47,441 
52,734 
50,498 

Dcj:.  F. 

87 
88 
88 

Average 

61,095 

66,406 

50.224         88 

100+ 

2 

Is 

^ 

g 

Deg.  F. 
52.9 
61.0 
64 
55 

58.5 


Time. 


Nov.  15, 3  p.m. 
Nov.  16,2  pjn. 
Nov.  17, 8  p.m. 
Nov.  18, 8  p.m. 


[30] 
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ry  Vm^ticm. — ^At  the  Ward  shaft  a  No.  200 
(quarter  housing,  vertical-discharge,  saction 
&0-h.p.  indQction  motor,  is  used  to  veatilate 
he  shaft ;  and,  as  sinkiDg  is  the  only  work, 
n  of  the  pump-BtatioDs,  practically  the  fiill 
1  is  ased  for  this  work.  The  incast  ^r  passes 
sting-compartments,  and  is  deflected  in  part 
in  at  the  2,475-ft.  station  (pump-station).  The 
f  the  width  of  the  compartment,  and  is  sus- 
er  edge  from  a  wall-plate  on  a  level  with  the 
.  The  lower  edge  hangs  loose  over  the  guard- 
e  compartment.     This  gives  a  curved  surface 


Ji 

1,. 

r- 

r=!=3Pi 

>>i 

7^ 

^ 

>^ 

« 

1 

- 

H 

=S>S5 

— ■ 

i- 

i 

1 

^b  air  to  veatilate  the  station,  while  allowing 
ng  down,  to  sweep  it  out  of  the  way.  The 
e  Mr  passes  down  to  the  sump  and  then  rises 
-compartment,  which  is  bratticed  off  from  the 
dents. 

)f  the  fan  was  measured  several  times.  Five 
in  the  discharge  section,  and  the  average  of 
-eadings  was  taken  as  the  discharge  velocity. 
es  the  reanlts. 

13,  at  the  2,476-ft.  level,  the  temperature  in 
o  the  down-cast  compartments  was  91.4"  F., 
bumidity  93.6  per  cent. ;  in  the  upcast  cora- 
ame  level  the  temperature  was  104"  and  the 
'  100  per  cent.  plus.  The  upcast  air  was 
Fith  vapor. 

-effect  of  the  fan  is  supplemented  by  the  chim- 
baft.  Calculating  this  effect,  and  not  allowing 
gh  the  brattice,  a  suction  of  1.93  in.  of  water 
his  woald  leave  2.07  in.  as  the  effect  of  the 
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Table  XXTTT. — Air-Measurements  of  the  Ward-Shaft  Fan. 


Date, 
1906. 

1. 

2. 

4,200 
3,860 
3,428 
3,552 

8. 

4. 

5. 

Mean 
Velocity. 

3,476 
3,028 
2,959 
3,002 

Cu.  Ft. 
Per  Min. 

July  19 

Aug.  8 

Nov.  22.... 
Dec.  13 

2,842 
2,248 
2,760 
2,360 

3,556 
3,464 
3,044 
3,272 

2,842 
2,280 
2,628 
2,552 

3,576 
3,292 
2,944 
3,272 

105,280 
91,597 
89,510 
90,810 

Mean 

2,456 

3,613 

3,260 

2,486 

3,169 

2,996 

90,639 

Note. — Only  the  last  three  readings  were  averaged,  as  the  anemometer  was  not 
calibrated  for  the  first  reading. 


Fan  Discharge. 

Air. 

Date. 

Temperature. 

Relative 
Humidity. 

Temperature. 

Relative 
Humidity. 

Time. 

July  19 

Aug.  8 

Nov.  22 

Dec.  13 

Deg.  F. 

*9()V6 
59.0 
55.4 

Per  Cent. 

37.6 
90.4 
94.3 

Deg.  F. 

88.34 

36.7 

36.5 

Per  Cent. 

14.0 
74.9 
56.5 

9.00  a.m. 

9.00  a.m. 

7.30  a.m. 

12.50  a.m. 

Watei^gauge  on  suction  side  of  fan  gave  4  in.  of  water. 

fan.  The  catalogue-rating  of  the  fan  is  given  as  75,700  cu.  ft. 
per  min.  at  189  rev.  per  min.  and  an  expenditure  of  53.3  h.p. 
This  would  give,  by  difference,  14,939  cu.  ft.  per  min.  as  due  to 
chimney-draft.  Calculation  shows  the  chimney-effect  to  be 
equivalent  to  17,088  cu.  ft.  per  min.  The  difference  between 
these  two  results  is  undoubtedly  due  to  the  catalogue-rating 
of  the  fan,  which  can  be  taken  only  in  a  very  general  way. 

At  the  Ophir  shaft  a  B.  P.  Sturtevant  No.  16,  double  width, 
multi-vane  fan  is  being  installed.  This  fan  is  rated  to  deliver 
140,000  cu.  ft.  per  min.  against  a  maintained  suction  of  2  in.  of 
water  at  a  speed  of  200  rev.  per  min.  with  an  expenditure  of 
100  horse-power. 

The  plan  of  the  fan-arrangements  at  the  Ward  shaft  is  shown 
by  Fig.  12  and  at  the  Ophir  by  Fig.  13. 

The  distribution  of  the  fans  underground  is  given  in  Figs.  4 
and  5,  and  the  details  of  the  fans  in  Table  XXIV.  The  total 
horse-power  of  all  motors  used  for  ventilating  purposes  is  315 ; 
of  this  150  is  used  on  the  surface  and  165  underground.  The 
actual  horse-power  in  use,  excluding  the  Ophir  fan,  which  is 
being  installed,  is  approximately  163.2.     Of  this  54  is  used  on 
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the  sarface  and  109.2  andergroand.     With  the  Ophir  fan  in 
ose  the  total  horse-power  approximates  263.2. 

11.  Air-Pipes. — ^The  extensive  ues  of  air-pipes  warrants  a  de- 
tailed description. 

The  air-pipe  is  in  12-ft.  lengths,  11-in.  and  15-in.  diameter 
being  commonly  ased.  No.  20  galvanized  iron,  in  sheets  36  in. 
wide,  cot  to  the  necessary  lengths  for  the  diameters  required, 
and  with  longitadinal  seams  punched,  is  delivered  to  the  mine 
shop  and  there  made  into  pipe  as  required.  Longitudinal 
seams  are  riveted  with  ^in.  rivets,  2.5-in.  pitch ;  girth  seams, 
4-in.  pitch.  Longitudinal  and  girth  seams  are  soldered.  Joints 
are  made  with  a  bell,  which  is  riveted  and  soldered  to  the  pipe. 
Laps  are  0.75  to  1  in.  The  mouth  of  the  bell  is  strengthened 
with  'iV^'^'  wire.  The  diameter  of  the  mouth  is  16  in.  and  the 
depth  4  in.,  not  including  the  lap.  This  gives  an  over-all  length 
of  12  ft.  for  each  section. 

The  bell-joint  is  known  as  the  **  Southwell "  joint.  Elbows 
are  made  with  an  18-in.  radius,  measured  to  the  center  of  the 
pipe,  and  are  provided  with  a  bell-joint ;  the  inside  diameter  of 
the  mouth  is  15.5  in. ;  the  outside,  16.25  in.  Rivets  on  trans- 
verse joints  are  pitched  2.5  in.,  and  on  longitudinal  joints  1.5 
in.  Six  pieces,  including  the  bell,  are  required  for  each  joint. 
The  opposite  end  of  the  elbow  has  a  diameter  of  15.75  in. 
Right-angle  tees,  used  for  branches,  are  provided  with  two 
11-in.  dampers,  having  a  clearance  of  ^  in.,  and  15-in.  dampers 
with  a  clearance  of  from  J  to  r^^  in.  The  dampers  are  riveted 
to  a  flattened  |-in.  iron  rod,  one  end  of  which  is  bent  so  as  to 
form  a  6-in.  handle.  The  damper  is  cut  in  the  blacksmith-shop 
from  J-in.  sheet  iron.  Elbows  of  45°  are  made  from  three 
pieces,  including  the  bell.  "  Y  "  pieces  and  special  breechings 
for  the  fans  are  made  as  required ;  20-in.  pipes,  occasionally 
used,  are  made  from  No.  18  or  No.  20  galvanized  sheet-iron, 
with  longitudinal  scams  riveted  on  2.5-in.  pitch,  and  girth 
seams  from  5  to  6.75-in.  pitch.  The  inside  diameter  of  the 
bell-mouth  is  20.75  in. ;  the  outside,  21.25  in. ;  and  the  depth 
of  the  bell  is  5  inches. 

Air-pipes  are  suspended  by  U-shaped  iron  straps,  made  from 
-j^-  and  J-in.  round  iron,  each  end  of  the  U  being  provided 
with  a  8-in.  point.  The  straps  are  driven  into  the  timbers, 
three  straps  to  each  12-ft.  section.    Where  the  air-pipe  is  placed 
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In  the  Savage  workings,  with  fan  in  operation  and  15-in  air- 
pipe,  the  leakage  amounted  to  1,610  cu.  ft.  per  min.  The 
length  of  555  ft.  of  15-in.  pipe  beyond  the  fan  and  180  ft.  of 
11-in.  pipe  gives  a  leakage  of  26.4  cu.  ft.  per  min.  per  section. 
In  this  case  most  of  the  leakage  took  place  on  the  last  180  fb. 
of  11-in.  pipe. 

Dampers  showed  a  variable  leakage,  depending  upon  the 
perfection  of  the  fitting  and  the  care  used  in  closing.  Measure- 
ments showed  from  10  to  180  cu,  ft.  per  minute. 

Two  canvas  curtains  were  measured :  one  showed  a  leakage 
of  1,635  cu.  ft  per  min.  over  an  area  of  85  sq.  ft. ;  the  other, 
3,980  cu.  ft.  per  min.  over  an  area  of  20  sq.  feet. 

The  general  conclusion  is  that  leakage  can  be  controlled 
within  narrow  limits  by  carefully  wrapping  the  joints.  A  mile 
of  15-in.  pipe  with  a  leakage  of  2.93  cu.  ft.  per  min.  per  section 
would  give  a  total  leakage  of  1,289  cu.  ft.  per  min.,  and  with 
an  inflow  of  4,000  cu.  ft.  per  min.  a  delivery  of  67  per  cent,  of 
the  air  is  possible.  This  would  be  more  than  suflicient  to  ven- 
tilate an  ordinary  working-face.  It  is  not  always  desirable  to 
have  a  pipe  tightly  wrapped  up  to  the  face.  Mr.  Higginson 
informed  me  that  with  pipe  tightly  wrapped  the  blasts,  if  heavy, 
will  cause  much  loss  by  collapsing.  The  practice  is  to  wrap 
the  pipe  up  to  within  from  200  to  300  ft.  of  the  face  and  then 
leave  the  remainder  unwrapped.  Old  and  battered  pipe  is  used 
close  to  the  face. 

Stops  are  constructed  from  timber  or  canvas;  1-in.  rough 
boards,  battened,  are  commonly  used ;  doors  are  made  from  the 
same  material ;  clay  is  used  to  stop  small  cracks  and  openings. 

V.  Measurement  of  Ventilating-Currents. 

1.  Temperature. — ^The  mine-measurements  were  made  with 
an  ordinary  Fahrenheit  thermometer  of  good  grade.  The 
instrument  was  suspended  from  a  timber,  and  in  approximately 
the  center  of  the  air-way.  Unfortunately,  this  thermometer 
was  not  available  for  calibration.  My  observations  were  made 
with  chemical  thermometers  carefully  matched  and  compared. 

2.  Velocity. — ^All  upcast  shafts  are  housed  in  by  wooden 
chimneys,  which  conduct  the  air  outside  the  shaft-houses. 
Access  to  a  shaft  is  had  through  doors,  and  from  them  most  of 
the  section  may  be  reached.   Five  measurements  were  made  in 
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ever  these  were  available,  and  timbered  sections  were  ased  in 
preference  to  the  untimbered,  but  no  special  steps  were  taken 
to  prepare  sections  of  oniform  cross-section.  The  anemometer 
was  slowly  moved  over  the  whole  section  for  a  period  varying 
from  0.5  to  2  min.     Dnplicate  readings  were  generally  taken. 

On  the  whole,  the  measurement  of  the  air  in  the  air-ways 
of  a  mine,  without  special  provision  for  smooth  sections,  is 
approximate  only,  and  it  is  not  possible  to  make  very  accurate 
measurements  without  resorting  to  extreme  measures.  My 
measurements  were  made  during  the  working-hours  of  the 
mines,  and  without  special  provision  for  smooth  sections. 

The  anemometers  were  of  the  Biram  type,  one  4-in,  reading 
to  1,000  ft.,  one  4-in.  reading  to  100,000  ft.,  and  one  6-in.  read- 
ing to  1,000  ft.  The  recording-anemometer  was  a  Julien  P. 
Priez  instrument,  of  the  type  used  at  the  government  meteoro- 
logical stations.  A  sling-psychrometer  was  used  in  determin- 
ing humidities,  and  the  psychrometric  tables  published  by  the 
U.  S.  Weather  Bureau  were  used  in  reducing  results. 

VI.  Cost  and  Operating-Expbnsb. 

It  is  almost  impossible  to  obtain  detailed  figures  on  the  cost 
of  the  ventilating-system,  but  fairly  accurate  estimates  may  be 
made.  The  following  estimate  was  made  by  taking  the  cost  of 
motors  and  fans  and  adding  20  per  cent,  for  cost  of  installation. 
The  15-in.  air- pipe  in  place  was  estimated  as  $0.77  per  ft;,  and 
11-  and  20-in.  proportionally : 

Cost  of  supplementary  ventilating-plant : 

Motors, 16,000 

Fans, 6,000 

Air-pipe, 10,000 

$22,000 
Note. — The  above  does  not  include  the  cost  of  the  fan  and  pipe  in  the  OyermaD 
and  Caledonia  mines,  nor  the  cost  of  electrical  conduits. 

Depreciation,  maintenance,  and  operating-expense  : 

Depreciation  and  maintenance  assumed  as  10  per  cent  of 
plant-cost,  or  $2,200  per  annum,  or  per  month,      .        .     $183.90 

Operating-cost : 

Power:  165  h.  p.,  at  $5  per  h.  p.  month,     ....  825.00 

1  electrician,  at  $4  per  day, 120.00 

Incidentals, 60.00 

Total  expense  per  month, $1,178.30 

Note. — Shift-bosses  and  miners  take  immediate  charge  of  fans  and  motors,  and 
no  extra  men  are  employed  except  the  electrician. 
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of  stream  taken  as  6  ft.).  On  the  basis  of  the  exposed  water- 
surface  the  rate  of  accession  of  water-vapor  is  798.5  grains  per 
square  foot  per  hour.  The  rapidity  with  which  the  air  tak^ 
up  moisture  is  remarkable.  The  rates  for  different  parts  of  the 
tunnel  have  been  calculated  and  are  to  be  found  in  Table  XXV. 
The  total  exposed  surface,  both  rock  walls  and  wat^r,  has  been 
taken  in  calculating  the  table  in  preference  to  the  water-surface 
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Fig.  14. — Curyeb  of  Absolute  HuMiBmEB  and  Rate  of  Acgbbsion  of 
Water  Per  Hour  in  the  Sutro  Tunnel,  Nov.  22,  1908. 

alone.  The  results  have  been  also  graphically  represented  in 
Fig.  14.  The  rate  for  the  whole  tunnel  up  to  the  Combination 
partition  is  44  grains  per  square  foot  per  hour.  For  purposes  of 
comparison,  both  north  and  south  laterals  for  a  portion  of  their 
length  were  calculated.  The  south  lateral  is  timbered  for  about 
one-half  the  distance  taken.  Very  little  water  drops  from  the 
walls,  and  the  drainage-water  is  carried  in  a  stave  pipe,  so  that 
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The  unit  used  in  comparing  different  mine-Workings  is  the 
rate  of  accession  of  water  vapor  per  sqaare  foot  of  exposed  sur- 
face per  hour,  and  is  calculated  from  the  following  ratio : 

Volume  of  air  in  cubic  feet  per  minute  X  increase  in  absolute  humidity  per 
cubic  foot  for  the  length  under  consideration  X  60  min. 


Square  feet  of  exposed  surface  in  length  under  consideration,  or  length  of 

air-way  X  perimeter. 

Belatire       Temper.    Relatlre    Ttemper>  RebitlTe     Temper. 
Hnmidlty       atare      Homidlty    atore    Homidity     atara 
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Fig.  15. — Range  of  Temperature  and  Relative  Humidity  in 

Down-Cast  Shafts. 

VIII.  Control  of  Humidity  and  Heat. 

Control  of  humidity  and  heat  is  a  matter  of  considerable  im- 
portance as  affecting  the  efficiency  of  the  miners.  High  tem- 
peratures and  saturated  air  are  conducive  to  low  labor-efficiency, 
while,  on  the  other  hand,  high  temperature  with  low  humidity 
does  not  lower  efficiency  to  an  unreasonable  extent.     The  ex- 

[44] 


n 


av«vv^ 


M 


XTYQi^ 


'<^RA?2^ 


n 


1000      VBNTILATINO-8T8TEM   AT   THK   COMSTOCK  IfflNBS,  NEVADA. 


CO 


Sis 
5*" 


lb 


•  lO  i<5 


O  CD 


^S-'f 


V 

»« 

5 

« 


o  . 


«* 

fi   • 

•<o 

S  ] 

hi 

o    . 

&4    : 

s 

0 


11!   K 


o 

> 

I 

> 

X 

m 

<; 


g  •"  i« 


&<        00 


ISfoooo 


s 

& 

o 


s 


Is 

«    09 

-C-C 
no   CD 

do 
do 


©«  2^ 


lOiCiC^ 


'NO 


eoio 


OiCtOOO 
1^  rH  C^  C<<  CO 


s; 


ei0»eo 
eoci'v 


3 


GO 
t*QO 


CCOO        OOOCOOOiCO 

coeoc5©^s^55o5^eO'^ 


a 
o 


1-1  c^ 


04  CO  CO  CO 
•     •     •     • 

CD  t^  Od  QC 

oooo» 


"a 

;ao 

U 

;ao 

•*4 

u 

oa> 

OQO 


ocoice4«-i'^<->co«co 

•  •  •  s  •  • m  •  • 

p-i^^CDCD^OdaO^CD 


o 


08 

s 


a  c 


3  o 

§1 

a  o 


0)  o 

>  > 


s 


C4C^i-i 


1       ei  r-l 


.<«4W»i.. 


n 


i\^^9!/> 


M 


,trvQi». 


*<*RAI^<'^' 


n 


1002      VBNTILATING-STSTBM   AT   THB   COMSTOOK    MINB8,  NEVADA* 

air-ways  to  the  upcast,  and  the  careful  stopping  of  all  leaks  of 
cool  air,  would  be  a  more  effective  way  than  that  now  followed. 

Some  observations  upon  the  cooling-effect  of  large  volomes 
of  air  were  made.  The  most  striking  results  were  in  the  case 
of  the  hot  west  drift  on  the  2,350-ft.  level  of  the  C.  &  C. 
Before  the  connection  was  made  the  maximum  temperature  of 
this  drift  varied  from  126°  to  130°  P.,  and  this  in  spite  of 
forcing  4,160  cu.  ft  of  air  per  minute  into  the  face.  The  air  in 
the  drift  was  saturated  and  would  not  support  a  candle-flame. 
After  making  the  connection  and  before  boarding-off  the  walls 
of  the  drift,  the  temperature  dropped  to  110°,  with  a  volume 
of  air  passing  of  10,850  cu.  ft.  per  min.  The  air-current  was 
supersaturated.  After  snow-shedding,  the  temperature  dropped 
to  98.6°,  with  11,667  cu.  ft.  per  min.  passing  and  a  relative 
humidity  of  98.8  per  cent.  In  the  Hale  and  Norcross  cross- 
cut, on  Dec.  28,  the  rock-temperature  measured  113°  and 
the  air-temperature  109.6°.  The  reduction  in  temperature  of 
more  than  3.4°  was  effected  by  an  air-current  of  688  cu.  ft;,  per 
minute. 

The  most  effective  means  for  the  control  of  an  excessive  tem- 
perature is  the  tight  boarding  of  water-boxes  carrying  hot 
water,  the  use  of  boards  and  battens  for  the  sides  and  tops  of 
drifts,  and  passing  large  volumes  of  air  as  cool  as  possible. 

IX.  Physiological  Effect  of  Working  in  High  Tbmpera- 

TURB  AND  Humidity. 

Much  has  been  written  regarding  the  effects  upon  the  human 
system  of  poisonous  and  other  gases,  but  very  little  is  to  be 
found  in  mining-literature  concerning  high  temperature  and 
humidity.     Le  Neve  Foster  says :  * 

**  In  still  and  saturated  air  it  is  hardly  possible  for  men  to  do  hard  continuous 
work  above  80°  or  H6^  F.,  even  when  stripped  to  the  waist.  At  higher  tempera- 
tures in  saturated  air  the  amount  of  work  possible  becomes  less  and  less,  and  the 
body  temperature  may  rise  rapidly,  though  men  accustomed  to  the  heat  can  bear 
it  much  better  than  others.  At  temperatures  above  about  90°  by  the  wet  bulb  it  ia 
only  possible  to  work  for  short  periods,  and  it  becomes  difficult  even  to  remain 
without  working.  Thus,  at  a  temperature  of  93°  in  still  and  saturated  air,  I  found 
that,  though  I  was  stripped  to  the  waist  and  doing  practically  no  work,  my  tem- 
perature rose  5°  in  two  hours,  and  was  still  rising  rapidly  when  I  found  it  neces- 
sary to  come  out  On  the  other  hand,  it  is  a  well-known  fact  that  if  the  air  is 
dry  much  higher  temperatures  can  be  borne  with  ease  and  comfort.     In  collieries 


^  InvetUgaHon  of  Mine  Air^  Sir  C.  Foster  and  J.  S.  Ualdane,  p.  151  (1905). 

[48] 


ct^^]i2[^ 


' 


n 


,^V4V>f^ 


M 


XTYOf^ 


*<*ilAtCl^^* 


¥L 


ct^^lS^'S^ 


1004      VENTILATING-SYSTBM    AT   THE   COMSTOCK   MINB8,  NEVADA. 

nl  gases,  and  by  making  repairs  to  the  shafts  more  frequently  neoesBarj  it  indi- 
rectly adds  to  the  occasions  when  disasters  may  occor.  I  also  confess  to  the  belief, 
which  is  not  sustained  by  observations  upon  specific  casualties,  that  some  aUow- 
ance  should  be  made  for  a  less  active  mental  condition,  a  dulling  of  the  faculties, 
and  a  certain  recklessness  to  which  the  heat  sometimes  goads  the  men.  On  the 
other  hand  the  heat  makes  them  more  cautious  except  when  under  momentary  im- 
pulses, and  I  have  never  seen  American  miners  more  careful  of  themselves  than 
in  these  mines.  On  the  whole  the  good  and  bad  effects  of  the  heat  seem  to  nearlf 
balance  each  other,  and  I  think  that  an  allowance  of  five  per  cent  for  the  casualties 
indirectly  caused  by  the  high  heat  would  be  sufficient." 

The  main  facts  brought  out  by  these  observers  are  that  high 
temperatures  and  humidities  cause,  under  some  conditions,  a 
notable  rise  in  body-temperature ;  that  all  the  bodily  organs 
with  the  exception  of  the  stomach  are  stimulated ;  that  pro- 
longed exposure  to  such  conditions  undoubtedly  lowers  vitality; 
that  intermittent  exposure  produces  no  permanent  ill-effects; 
that  these  conditions  cannot  be  considered  an  important  cause 
of  lung-diseases;  and,  lastly,  that  under  abnormal  conditions 
loss  of  mental  control  and  serious  bodily  disturbances  result 

Local  physicians  inform  me  that  the  average  life  of  the  Corn- 
stock  miner  approximates  25  years,  and  that  the  miners  do  not 
show  any  greater  susceptibility  to  any  particular  disease  than 
the  residents  of  the  town.  I  am  acquainted  with  miners  who 
have  worked  more  or  less  continuously  underground  for  30 
years,  and  who  are  still  capable  of  doing  a  good  day's  work. 
Compared  with  miners  of  other  districts  the  Virginia  City  miners 
may  be  said  to  be  just  as  healthful,  if  not  more  so.  The  result 
is  due  in  a  large  measure  to  the  fact  that  the  Virginia  City 
miner  observes  certain  precautions,  and  that  the  mine-manage- 
ments provide  the  necessary  facilities.  Miners  are  careful  not 
to  expose  themselves  to  cold  drafts,  since  they  work  stripped 
to  the  waist.  On  passing  from  a  hot  to  a  cold  place  a  heavy 
coat  is  used  to  protect  the  heated  body.  Wet  clothes  are  either 
removed  before  going  to  the  surface,  or  trousers  and  coat  worn 
over  them.  All  miners  take  hot  and  cold  showers  after  coming 
off  shift.  Frequent  drinking,  and  the  bathing  of  the  hands, 
wrists,  arms,  and  head  in  ice-water  are  resorted  to  in  all  hot 
workings,  and  undoubtedly  serve  to  keep  down  the  body-tem- 
perature, while  temporarily  refreshing.  Frequent  rests  are 
taken  in  special  cooling-rooms,  so  placed  in  the  workings  as  to 
receive  the  freshest  and  coolest  air.     In  exceedingly  hot  work- 
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X.  Appendix. 

Bj  Prof.  P.  Fraitdsen.* 

With  a  view  to  obtaining  more  exact  information  as  to  the 
physiological  effects  of  the  atmospheric  conditions  in  the  lower 
levels  of  the  Virginia  City  mines,  some  preliminary  studies 
were  made  upon  the  blood  of  subject  No.  1  and  several  miners. 
To  determine  the  effect  of  a  temporary  sojourn  in  the  mines, 
blood  of  subject  No.  1  was  examined  at  Reno,  December  10, 
two  days  before  going  to  Virginia  City ;  December  12,  after 
remaining  2.5  hr.  in  the  2,000-ft.  level  of  the  Union  shaft;  on 
December  13,  after  spending  4.5  hr.  in  the  Sutro  tunnel  and 
south  lateral ;  and  on  December  14,  at  Reno.  The  temperatures 
in  the  workings  visited  ranged  from  100°  to  109°,  with  humid- 
ities of  from  60  to  100  per  cent.  During  both  trips  the  subject 
and  myself  perspired  profusely  while  underground,  but  felt  no 
ill-effects  other  than  a  slight  dizziness  and  a  natural  fatigue. 
The  results  of  the  examinations  are  given  in  Table  XX  VlL 

Table  XXVII.— Subject  No.  1. 


Date. 


Place. 


^^7^.  ^^T£"'  fisss: 


Dec.  10...  Reno ^ 

Dec  12...  Va.  City,  underground 
Dec.  13...  Va.  City,  underground 
Dec  14.«  Reno 


5.160,000 
4,820,000 
6,496,000 
6,220,000 


7,111 
12,333 
12,277 

9,888 


Per  Genu 
95 

•  •  • 

100 
95 


Hemo- 
globin 
Index. 


92 

•  •  • 

77 
76 


The  difference  in  red-counts  on  December  10  and  December 
12  may  be  ignored  as  too  slight  to  have  any  significance.  On 
December  13,  however,  after  the  longer  sojourn  underground, 
there  was  an  appreciable  increase  of  red  corpuscles,  which  is 
still  to  be  noted  on  the  following  day.  On  both  occasions  there 
was  a  considerable  leucocytosis,  due  mainly,  as  Table  XXVIII. 
shows,  to  an  increase  in  the  number  of  neutrophiles. 

Tables  XXIX.  and  XXX.  give  the  results  of  examinations  of 
five  miners  who  have  been  engaged  in  mining  for  10  years  or 
more,  and  for  a  year  or  more  have  been  at  work  under  the  con- 
ditions described  in  this  paper  as  characteristic  of  the  deeper 

*  Profe»or  of  Biology,  University  of  Nevada. 
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I  as  the  published  accounts  of  other  obBen^ra 
expect  in  these  altitudes.  In  comparison  witi, 
e  number  of  red  corpuscleB  obtained  in  the 
iners  would  not  seem  to  be  very  far  from  the 
itial  leucocyte-counts  were  made  on  the  blood 
,  as  given  in  Table  XXXII. 

-Differential  Count  of  Leucocytes  in  Relation  to 
Altitude. 


PeicenUge  of  Varletln. 




. 

Lympho- 

CyW». 

phlle.. 

41.5 

2.5 

65.5 

33.4 

4.5 

57.6       1 

32.^ 

5.4 

eo.4 

44.4 

5.2 

49.2 

42.0 

6.6 

50.0 

Percent.      Per  Cent. 


t  to  be  noted  is  the  relatively  high  percentage 

udieB  are  too  few  to  warrant  an  extended  dis- 
iteraent  of  any  very  definite  conclusions,  they 
I  indicating  that  the  atmospheric  conditions  in 
^B  of  the  Virginia  City  mines  do  not  have  any 
imental  effects  upon  the  composition  of  the 
comparison  of  Tables  XXIX.  and  XXXI.,  it  i 

main  permanent  effect  is  an  increased  heemo- 
r  the  individual  red  corpuscles.  I 
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indefinitely  suspended.  To  the  settled,  coagulated  portion 
some  writers  have  given  the  terra  gelj  and  to  the  suspended 
portion  the  term  sol.  The  physical  properties  which  distinguish 
the  fine  sands  are,  the  angular  character  of  the  grains  and  the 
comparatively  rapid  settling  in  water.  With  most  quartzose 
ores  the  sand  grains  are  composed  of  silica,  although  con- 
stituents of  the  ore,  such  as  silicates  or  oxides,  also  characterize 
the  sand  portion  of  the  slime.  The  coagulated  colloid  consists 
of  aggregates  of  rounded  grains  together  with  individual 
grains,  settles  much  less  rapidly,  possesses  the  property  of  floc- 
culation  and  deflocculation,  has  the  property  of  absorbing  cer- 
tain dyes,  and  a  distinctive  chemical  composition.  Clays  and 
hydrated  silica  are  the  two  colloids  most  likely  to  occur  in 
quartzose  ore.  The  former  is  a  common  constituent  of  many 
ores,  the  latter  is  perhaps  seldom  present.  For  practical  pur- 
poses clay,  or  hydrated  aluminum  silicate,  may  be  considered  to 
be  the  chief  colloidal  constituent,  and,  mixed  with  fine  sand, 
to  constitute  the  coagulated  portion  of  a  slime.  Inasmuch  as 
the  ordinary  mill-slime  is  quite  well  coagulated  by  the  liberal 
use  of  lime,  the  metallurgist  has  to  deal  only  with  mixtures  of 
fine  sands  and  coagulated  colloid. 

The  distinctive  properties  of  a  slime  depend  upon  the  rela- 
tive proportions  of  fine  sand  and  colloid.  Assuming  all  colloid 
and  no  fine  sand,  we  would  have  a  material  which  could  not  be 
leached,  and  which  would  filter  very  slowly  and  under  certain 
conditions  not  at  all;  assuming  all  fine  sand  and  no  colloid, 
we  would  have  a  leachable  material.  In  a  moist  condition  a 
slime  may  be  likened  to  a  clay;  with  a  large  proportion  of 
sand  a  "  short  clay  "  or  a  clay  of  moderate  plasticity  would  be 
the  result ;  with  a  small  proportion  of  sand  a  "  fat "  clay  or  a 
clay  with  a  high  degree  of  plasticity  would  result.  With  suf- 
ficient moisture  a  slime  partakes  of  the  character  of  a  viscous 
fluid,  and  in  this  very  fine  sand  will  be  almost  indefinitely 
suspended,  and  little  or  no  separation  of  fine  sand  from  colloid 
will  result.  This  latter  statement  is  true  of  sand  finer  than  a 
ISO-meah  screen.  With  coarser  sand,  the  coarse  sand  particles 
tend  to  settle  out  quite  rapidly.  By  increasing  the  proportion 
of  water  successive  crops  of  finer  and  finer  sands  can  be  settled 
out  until  a  point  is  reached  where  the  particles  of  coagulated 
colloid  and  the  finest  sands  settle  at  the  same  rate.     Beyond 
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indefinitely  Buepended.  To  the  settled,  coagulated  portion 
some  writers  have  given  the  terra  gety  and  to  the  suspended 
portion  the  term  sol.  The  phjeical  properties  which  distinguish 
the  fine  sands  are,  the  angular  character  of  the  grains  and  the 
comparatively  rapid  settling  in  water.  With  most  qnartzose 
ores  the  sand  grains  are  composed  of  silica,  although  con- 
stituents of  the  ore,  such  as  silicates  or  oxides,  also  characterize 
the  sand  portion  of  the  slirae.  The  coagulated  colloid  consists 
of  aggregates  of  rounded  grains  together  with  individual 
grains,  settles  much  less  rapidly,  poBsesses  the  property  of  floc- 
culation  and  deflocculation,  has  the  property  of  absorbing  cer> 
tain  dyes,  and  a  distinctive  chemical  composition.  Clays  aod 
hydrated  silica  are  the  two  colloids  most  likely  to  occur  in 
quartzose  ore.  The  former  is  a  common  constituent  of  many 
ores,  the  latter  is  perhaps  seldom  present.  For  practical  pur- 
poses clay,  or  hydrated  aluminum  silicate,  may  be  considered  to 
be  the  chief  colloidal  constituent,  and,  mixed  with  fine  sand, 
to  constitute  the  coagulated  portion  of  a  slime.  Inasmuch  as 
the  ordinary  mill-slime  is  quite  well  coagulated  by  the  liberal 
use  of  lime,  the  metallurgist  has  to  deal  only  with  mixtures  of 
fine  sands  and  coagulated  colloid. 

The  distinctive  properties  of  a  slime  depend  upon  the  rela- 
tive proportions  of  fine  sand  and  colloid.  Assuming  all  colloid 
and  no  fine  sand,  we  would  have  a  material  which  could  not  be 
leached,  and  which  would  filter  very  slowly  and  under  certain 
conditions  not  at  all;  assuming  all  fine  sand  and  no  colloid, 
we  would  have  a  leachable  material.  In  a  moist  condition  a 
sHme  may  be  likened  to  a  clay;  with  a  large  proportion  of 
sand  a  "  short  clay  "  or  a  clay  of  moderate  plasticity  would  be 
the  result;  with  a  small  proportion  of  sand  a  "fat"  clay  or  a 
clay  with  a  iiigh  degree  of  plasticity  would  result.  With  suf- 
ficient moisture  a  slime  partakes  of  the  character  of  a  viscous 
fluid,  and  in  this  very  fine  sand  will  be  almost  indefinitely 
suspended,  and  little  or  no  separation  of  fine  sand  from  colloid 
will  result.  This  latter  statement  is  true  of  sand  finer  than  a 
150-mesh  screen.  With  coarser  sand,  the  coarse  sand  particles 
tend  to  settle  out  quite  rapidly.  By  increasing  the  proportion 
of  water  successive  crops  of  finer  and  finer  sands  can  be  settled 
out  until  a  point  is  reached  where  the  particles  of  coagulated 
colloid  and  the  finest  sands  settle  at  the  same  rate.     Beyond 
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further  separation  of  sand  from  colloid  ia  possible, 
e  in  the  mechanical  separation  of  sand  from  col- 
al  being  possible,  it  is  necessary  to  use  a  definition 
nbody  some  limitation  as  to  the  size  of  the  maxi- 
grain.  Successive  Bcreen-sizee  have  been  used ; 
esh  screen,  then  a  150-mesh  screen,  and,  finally,  a 
een;  and  this  is  the  accepted  present  practice  in 
:.  All  material  in  a  pulp  finer  than  a  200-mesh 
isidered  as  slime.  The  definition,  that  a  slime  is 
ble  portion  of  a  mill-pulp,  is  still  in  use. 
smprehensive  definition  than  the  foregoing  is :  a 
:8  of  a  mixture  of  sands  finer  than  150-  or  200- 

with  an  amorphous  clay-like  material,  consisting 
f  bydrated  aluminum  silicate. 
al  method  of  sHme-treatment  is  to  agitate  the  slime 
ide  solution  for  a  sufficient  time  to  dissolve  the 
en,  either  to  filter  ofiT  the  surplus  solutiou  and  dis- 
mainder  with  water,  or  to  thicken  the  slime  by 
id  decantation,  and  then  to  filter  and  displace  the 
))utton  by  water. 
Einical  appliances  in  use  for  filtration  are  grouped 

on-filtere,  or  Eltera  Id  which  a  vacuum  ia  used  to  accelerate  filtra- 


uiDg  a  thin  slime-cake  and  practically  continuous  in  their  actio 

and  Ridgwaj  filten.) 

isiog  a  tliick  Blime-cake  and  intermittent  in  their  action.    (Moo 

ten  filtera. ) 

are-GItera,  or  filters  in  which  hydroaUtic  head,  oonipreased  air 

pumps  are  used  in  order  to  secure  greater  preBSures  than  a 

possible  with  a  vacuum-pump. 
their  action. 


T-preeses  (Merrill  filter-press). 

imbeia  or  cyliudere ;   filters   in  which  the  filleriiig-baaket  ia  i 
n  a  cjlinder.     (Burt,  Kelley,  and  Sweellaud  filler-presses.) 
rifugal  filtere.  or  filters  in  which  centrifugal  force  is  used  to  Sep 
rata  solution  from  slime. 


in  Sections  L  and  IL,  with  the  exception  of  the 
ploy  vertical  filtering-surfaces.   The  Oliver  ^  makes 


xli,  349to3fi6  (1911). 
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use  of  a  revolving  cylindrical  surface  as  a  filtering-surface. 
Centrifugal  filters  are  in  process  of  development,  and  have  not 
as  yet  secured  any  foothold  in  gold-  and  silver-metallurgy.  It 
is  not  improbable,  however,  that  some  comparatively  simple 
filter  based  on  the  use  of  centrifugal  force  will  be  perfected, 
and  will  successfully  compete  with  the  other  forms.  At 
present  the  suction-filters  are  in  greatest  use.  Of  the  pressure- 
filters,  the  ordinary  filter-presses  have  gone  out  of  use,  except 
as  clarifying-presses,  and  filters  of  groups  D  and  £J  only  are 
in  use. 

The  development  of  slime-filtration  is  of  interest.  Filter- 
presses  and  filtering-beds  in  vats  were  first  used.  The  filtering- 
beds  were  soon  discarded  and  the  filter-press  systematically 
developed.  The  size  of  the  press  was  increased,  mechanical 
devices  to  facilitate  discharge  and  decrease  the  proportion  of 
labor  required  were  invented  and  introduced;  but  in  spite  of 
all  this  the  cost  of  treatment  in  filter-presses  remained  high. 
In  western  America  the  filter-press  never  received  much  recog- 
nition, but  in  Australia  filter-pressing  was  extensively  intro- 
duced, and  slime  was  successfully  handled  by  this  method.  It 
remained  for  an  American,  Charles  A.  Merrill,  to  complete  the 
last  improvement  in  the  filter-press.  By  the  introduction  ot 
the  sluicing-system  the  slime-cakes  could  be  washed  out  of  the 
filter-cells  and  the  press  operated  without  opening  or  separat- 
ing the  filter-plates  for  each  charge.  This  improvement 
reduced  the  labor  and  coat  and  increased  the  effectiveness  of 
the  filter-press.  The  Merrill  press  represents  the  culminating 
point  in  the  filter-press  line  of  development  in  slime-filtration. 

The  Moore  filter  was  the  first  suction-filter  in  the  field,  and, 
while  it  did  not  score  any  very  decided  success  in  the  first  in- 
stallations, it  did  attract  the  attention  of  metallurgists  to  the 
idea  involved.  While  the  Moore  Filter  Co.  was  perfecting  the 
mechanical  features  of  its  filter,  the  Butters  filter  was  intro- 
duced, and  so  many  of  the  difficulties  of  the  Moore  filter  were 
overcome  in  the  Butters,  that  this  latter  filter  received  wide- 
spread recognition  and  was  introduced  into  many  milling- 
plants.  The  Moore  filter  introduced  the  idea  of  the  canvas- 
covered  filtering-cell  immersed  in  the  slime-pulp  and  utilizing 
suction  to  draw  the  solution  through  the  walls  of  the  cell  and 
to  build  up  a  cake.     The  necessary  transfers  are  made  by  lifV 
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withdrawn,  either  hy  decanting  or  pumping,  and  the  slime-cake 
and  surplus  wash  sluiced  out.  The  Oliver  filter  performs  the 
operations  of  cake-formation,  washing,  and  discharge  in  cod- 
tinaous  sequence.  Three  steps  ma;  be  designated  ae  commoD 
to  all  these  filters:  cake-formation,  washing,  and  discharge. 
The  cycle  of  operations  of  the  more  common  forma  of  filters 
is  shown  in  Fig.  1.  Typical  examples  have  been  taken  in  each 
case. 

The  conditions  under  which  slime-cakes  are  formed  and 
washed  are  the  critical  points  to  he  considered ;  the  discharge 
and  sluicing  away  of  the  cake  is  a  comparatively  simple  mat- 
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Fio.  1. — CvcLK  OP  Operation  op  VABioua  Filters. 


ter  and  requires  no  special  comment.  My  experimental  work 
was  largely  confined  to  suction-filtration,  and  pressure-filtratioQ 
was  only  briefly  studied.  The  method  of  carrying  out  the  ex- 
periments maybe  suraraarized  as  follows;  After  trying  out 
several  different  sizes  and  types  of  filter-cells  a  test-filter  of  0.5 
sq.  fl.  filtering-surface  was  decided  upon,  shown  in  Fig.  2,  A 
ribbed  wooden  support  with  J-iu.  grooves  and  |-in.  ribs  wag 
used  to  support  the  canvas  surface.     Brass  aide-strips  and  a 
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Of  this  alime-pulp,  97.4  per  ceat.  passed  a  200-me8h  screen. 
Fiue  sand  passing  a  lOO-mesh  screen  was  used  in  securing  the 
necessary  mixtures.  The  filtrate  waa  measured  in  a  "Woulff 
bottle,  to  which  was  attached  a  vacuum-gauge.  The  vacuum 
was  obtained  by  a  small  single-acting  pump  exhausting  from  a 
lO-gal.  vacuum-tank.  A  short  length  of  hose  connected  the 
Woulff  bottle  with  the  tank.  The  elime-mixturee  were  made 
up  in  buckets  and  heated  to  the  temperatures  as  required. 
Variations  in  pressure,  temperature,  and  slime  were  the  main 
points  studied. 

Fillering-Iiate. 

The  rapidity  with  which  a  cake  may  be  formed  depends  upon 
the  filtering-rate  of  the  slime,  the  thickness  of  the  cake,  the 
temperature  and  density  of  the  pulp,  and  the  intensity  of  the 
vacuum.  The  filtering-rate  of  a  slime,  which  is  numerically 
defined  in  this  paper  as  the  number  of  pounds  of  water  drawn 
through  100  sq.  ft.  of  filtering-surface  per  minute,  depends,  for 
a  cake  of  given  thickness,  upon  the  character  of  the  slime,  the 
density  of  the  slime-cake,  the  suction-pressure,  the  temperature, 
and,  to  a  moderate  extent,  upon  the  character  of  the  filtering- 
surface  and  its  support.  These  factors  are  so  interrelated  that 
it  is  impossible  to  conduct  any  series  of  experiments  which 
would  exactly  show  the  eftect  of  varying  them.  At  best  the 
results  are  approximations. 

Fig.  8  shows  the  variation  ot  the  filtering-rate  with  variable 
thickness  of  slime-cake  both  while  building  up  and  in  clear 
water.  The  curves  represent  the  averages  of  a  number  of  tests 
in  which  temperature  and  pressure  were  practically  the  same 
for  all.  A  No,  10  canvas  was  used.  In  carrying  out  the  ex- 
periment the  filter  was  immersed  in  the  pulp  for  5  or  10  min. 
and  a  cake  built  up.  This  cake  was  then  quickly  removed,  its 
thickness  measured,  and  the  filter  immersed  in  clear  water. 
After  determining  the  filtering- rate,  the  filter  was  replaced  in  the 
pulp  and  an  additional  thickness  built  up.  The  filtering-rate 
during  building  up  was  determined  by  calculation  from  the 
amount  of  water  passing  while  building  to  a  given  thickness. 
The  difference  between  the  two  curves  is  comparatively  slight 
and  indicates  that  the  fittering-rate  during  building  up  a  cake 
is  greater  in  the  pulp  than  in  clear  water  for  thin  cakes,  while 
for  the  thicker  cakes  the  reverse  is  true. 
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ilime-pulp,  97.4  per  cent.  pasBed  a  200-me8b  screen, 
psseing  a  lOO-mesb  screen  was  used  in  eecuring  the 
nixtures.  The  filtrate  was  measured  in  a  Woutff 
I'hich  was  attached  a  vacuum-gauge.  The  vacuum 
ed  by  a  small  single-acting  pump  exhausting  from  a 
uum-tank.  A  short  length  of  hose  connected  the 
ttle  with  the  tank.  The  alime-mixtures  were  made 
kets  and  heated  to  the  temperatures  as  required, 
in  pressure,  temperature,  and  slirae  were  the  main, 
ied, 

Filtering-Rate. 
dity  with  which  a  cake  may  be  formed  depends  upon 
g-rate  of  the  sHrae,  the  thickness  of  the  cake,  the 
■e  and  density  of  the  pulp,  and  the  intensity  of  the 
The  filtering-rate  of  a  slime,  which  is  numerically 
this  paper  as  the  number  of  pounds  of  water  drawn 
lO  sq.  ft.  of  filtering-surface  per  minute,  depends,  for 
jiven  thickness,  upon  the  character  of  the  slime,  the 
;he  slime-cake,  the  suction-presaure,  the  temperature, 
loderate  extent,  upon  the  character  of  the  filtering- 
1  its  support.  These  factors  are  so  interrelated  that 
Bsible  to  conduct  any  series  oi  experiments  which 
etiy  show  the  effect  of  varying  them.  At  best  the 
approximations. 

lows  the  variation  ot  the  filtering-rate  with  variable 
af  slime-cake  both  while  building  up  and  in  clear 
le  curves  represent  the  averages  of  a  number  of  testa 
emperature  and  pressure  were  practically  the  same 
,  No.  10  canvas  was  used.  In  carrying  out  the  ex- 
he  filter- was  immersed  in  the  pulp  for  5  or  10  min. 
built  up.  This  cake  was  then  quickly  removed,  its 
measured,  and  the  filter  immersed  in  clear  water. 
■mining  the  filtering-rate,  the  filter  was  replaced  in  the 
n  additional  thickness  built  up.  The  filtering-rate 
ilding  up  was  determined  by  calculation  from  the 
water  passing  while  building  to  a  given  thickness. 
ince  between  the  two  curves  is  comparatively  slight 
bes  that  the  filtering-rate  during  building  up  a  cake 
n  the  pulp  than  in  clear  water  for  thin  cakes,  while 
:ker  cakes  the  reverse  is  true. 
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!  BLIUE-FILTRATIOK. 

[  the  Merrill  filter-presa  of  a  No.  6  duck  over  a  ligbt  twill. 
:he  Butters  and  the  Moore  filters  three  methods  of  support  are 
;ommon  use.  The  original  Butters  unit  consisted  of  canvas 
ched  at  close  intervals  over  a  center  sheet  of  cocoa  matting, 
ich  gives  a  very  porous  gathering-space  for  the  solutions  and 
)  sufficient  support  to  the  canvas.  The  objections  to  this 
Btruction  are  the  cost,  and  the  clogging  of  the  matting, 
th  the  exception  of  the  Ooldfield  Consolidated  mill,  all  the 
la  in  the  Tonopah  and  Goldfield  districts  employ  the  "slat 
thod  "  of  support,  which  consists  of  sewing  the  canvas  walls 
he  cell  into  narrow  pockets  from  1.5  to  2  in.  wide,  and  into 
h  of  these  slipping  a  grooved  lath.  The  arrangement  is  low 
irst-cost  and  very  satisfactory.     The  Moore  system  employs 


Vi. 


iSffl 

k 

^T 

:  i  M^Ad^-v 

-pl- 

-'  --'- 

=  f  ili:s:E:  E 

POUNDS  OF  WATER  PES  J 

Fio.  9. — Filter  I  NO- Bates  j 


.  FT.  PER  MINUTE 

t  FiNE^AMD  Beds. 


)den  strips  slipped  into  narrow  pockets  in  the  canvas.  The 
ore  system  also  makes  use  of  wire  netting  between  the  can- 
walls,  the  canvas  being  stitched  at  frequent  intervals 
>ugh  the  netting.  In  the  Oliver  filter,  wire  netting  over  a 
oved  board  and  covered  with  8-oz.  burlap  supports  the 
vas.  The  canvas  is  held  against  this  base  by  wire  wrapped 
und  the  canvas  at  0.5-in.  intervals.  In  both  the  Butters  and 
Moore  filters  wooden  dividing-strips  are  used  to  space  the 
sring-surfaee  into  strips  1  ft.  wide.  Grooved  iron  plates  are 
i  in  the  filter-presses  and  in  the  Merrill  press. 
)urabi!ity  and  permeability  are  the  necessary  requirements 
,  filtering-cloth.  Canvas  duck,  army  weave,  No.  10,  answers 
li  of  these  requirements  for  suction-filters.  For  pressure- 
["] 
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3  the  narrow  wooden  strips  have  less  effect  than,  the  close 
ridges  of  No.  1,  while  between  the  strips  the  cloth  is  stretched 
and  is  more  open.  With  No.  4  the  permeability  of  the  cloth 
is  not  generallj  effected,  for  the  fibers  may  press  into  the  soft 
cocoa  matting.  In  No.  5  the  diamond-shaped  strips  give  the 
maximum  proportion  of  distended  canvas,  and  leave  the  fibers 
free  from  any  flattening  due  to  the  pressure. 

Fig.  11  shows  the  effect  upon  the  filtering-rate  of  the  type 
slime  for  three  filters.  Curve  L  is  for  No.  12  duck  on  a 
grooved  wooden  support  similar  to  No,  I,  Fig.  9 ;  41  per  cent, 
of  the  cloth  was  supported  and  59  per  cent,  unsupported. 
Curve  S  is  for  No.   12   duck  supported  on   diamond-shaped 
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Fia.  11.— Filteriko-Rate  of  Ttpe  Suhg  for  These  Ttpeb  of  Filters. 

strips;  21  per  cent,  of  the  cloth  was  supported,  78  per  cent, 
unsupported.  The  dotted  curve  is  the  average  curve  for  the 
test-filter.  A  No.  10  duck  was  used  and  the  same  proportion 
of  support  given  the  cloth  as  for  curve  L.  The  heavier- weight 
duck  on  the  grooved  support  gives  a  higher  filtering-rate  than 
the  light  weight  on  either  the  grooved  or  the  more  open  sup- 
port. The  open  support  gives  a  higher  filtering-rate  for  the 
thinner  slime-cakes  and  lower  rates  for  the  thicker  cakes. 
This  anomalous  result  is  explained  by  the  fact  that  the  more 
permeable  the  filter  the  more  active  becomes  the  flltering- 
surface  for  a  given  pressure  and  the  more  compactly  the  cake 
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xt  the  canvas,  33.3  per  cent  of  water.  The  reBpeetive 
Jcific  gravities  are  1.575,  1.605,  and  1.715,  The  average 
ter-conteiit  is  38.1  per  cent.,  and  the  average  specific  gravity, 
i32.  jP  and  G  are  from  two  sHrne-cakes  in  which  the  re- 
jctive  proportions  of  sand  were  37  and  52  per  cent.  The 
"opoaition  of  sections  of  tbeae  cakes  is  given  in  Table  I. 
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Table  I.— Composition  of  Slime-Cake. 

Cake  F. 

SurlUw 

llo0.7SIn. 

to  0.6  In, 

0,»ln, 

0.35(0  0.0  In. 

Specific  gravit;  ot  cake. 

1.755 

1.805 

1.822 

1.835 

Per  cent,  of  water, 

32.7 

2B.83 

28.41 

27.9 

Per  ceDt.  of  8and  in  dried 

cake,        .... 

36.02 

36.23 

37.82 

38,04 

Ratio  sand  to  elime,  i  to,     . 

1.77 

1.83 

1.64 

1.62 

ATerageBp.gr.,  1.804. 

of  water. 

29.71. 

Cake  G. 

Specific  gnnty  o!  cake, 

1.776 

1.814 

1.863 

1.841 

Per  cent,  ot  water, 

30.0 

28.4 

26.9 

27.4 

Per  cent,  of  sand  in  dried 

cake,         .... 

51.6 

54.0 

63.7 

50.1 

Batio  sand  to  BUme,  1  to,     . 

l.OS 

1.10 

1.17 

1.22 

ATerage  tp.  gr.,  1.821. 


Average  percentage  of  water,  28. 4. 


*«"■<* 


n 


Comparing  the  results  in  Table  I.  with  those  given  for  the 
)e  slime,  a  variation  in  water-content  of  from  38.1  to  28.4 
r  cent.,  and  in  density  of  from  1,632  to  1.821,  is  shown  for  a 
riation  in  sand  of  from  6  to  52  per  cent.  The  sand  in  these 
iea  was  determined  on  the  basis  of  1-min.  settlement.  An 
srease  in  the  proportion  of  fine  sand  decreases  the  inter- 
tial  space,  but  does  not  decrease  the  permeabilitj,  as  the 
rvee  for  filtering- rates  show.  For  purposes  of  compari- 
1  the  proportion  of  water  absorbed  by  fine  sands  is  shown 
Fig.  12.  Pine  sands  (quartz)  between  80-  and  lOO-mesh 
itain  26.4,  and  for  sands  passing  a  200-me8h  screen  and 
m  which  all  slime  was  elutriated,  28.1  per  cent,  of  water, 
e  volume  relationship  is  also  shown  for  both  fine  sands 
J  slime  in  Fig.  12.  The  former  shows  47.7  of  water  and  52.3 
r  cent,  of  solid;  the  latter,  60  of  water  and  40  of  solid. 
ese  figures  are  of  interest  in  that  they  show  the  compara- 
ely  large  volume-proportion   of  water  in   the  slime-cakes. 

[18  J 
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SLIUE-FILTRATIOK. 

1  the  specific  gravity  of  the  elime-cake.  To  these  may  be 
!d  a  elime-cake  from  the  type  slime  which  was  built  up  on 
itrBupported  filter  of  No.  12  duck,  giving  with  21,5-in.  vac- 
a  moiBture-coDtent  of  S3.6  per  cent,  and  epecitic  gravity  of 
;  and  a  cake  built  up  under  30  lb.  of  air-preeaure,  giving 
per  cent,  of  moisture  and  1.805  Bp,  gr.  With  the  exccp- 
of  K,  there  is  an  increase  in  the  specific  gravity  with 
Dcrease  of  pressure.  This  increase  in  the  density  of  the 
i  means  a  decrease  in  the  permeability,  and  therefore  a 
ea^e  in  filtering-rate.  A  slime-cake  may  be  likened  to  a 
her  of  layers  of  rubber  spheres.  PreSBures  great  enough 
rercorae  the  elasticity  of  the  spheres  would  have  the  effect 
queeziug  them  into  spheroids  and  reducing  the  intersti- 
space;  still  greater  pressures  would  cause  the  spheroids  to 
oach  upon  the  open  spaces  until  these  would  be  practically 
^d  and  the  interstitial  space  become  zero.  The  difficulties 
Ived  in  using  high  pressures  upon  slime  carrying  a  miui- 
a  proportion  of  sand  are  apparent  The  effect  of  the  pres- 
1  of  sand  would  be  the  same  as  if  angular  grains  were 
;d  with  the  rubber  spheres.  Under  pressure  the  angular 
QB  would  pre^  against  one  another  and  prevent  any  great 
•ee  of  pressure  coming  upon  the  spheres.  There  would  be 
imparatively  small  decrease  in  the  interstitial  space,  aud 
efore  little  or  no  reduction  in  permeability, 
n  interesting  phenomenon  was  noticed  in  transferring  slime- 
;s.  The  lifting  of  the  cake  from  the  pulp  waa  accompanied 
n  immediate  shrinkage  in  the  thickness  of  the  cake.  The 
iction  in  thickness  amounted  to  from  10  to  12  percent, 
submerging  the  cake  in  the  pulp  the  original  thicknesB 
Id  be  approximately  resumed.  The  effect  of  the  shrinkage 
increase  the  density  and  decrease  the  filtering-rate.  With 
l-slime  cakes  no  noticeable  nhriukage  was  observed  until 
cake  approximated  a  thickness  of  1  in.,  and  in  all  cases 
shrinkage  was  less  than  that  of  the-slime  cake.  During  the 
ding  up  of  a  slinie-cake  there  is  a  progressive  densification, 
ewhat  slow  and  often  irregular,  which  accounts  for  the 
tie  results  obtained  in  sonic  cases  with  the  filtering-rate 
jriments. 

he  progressive  densification  of  a  slime-cake  may  be  shown 
mother  way.     Subjecting  a  thick  slime-cake  to  continued 
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SLIME-FILTRATION. 

n  immersed  in  water,  and  determining  the 
veral  socceasive  time-intervals,  gives  a  slow 
g-rate. 

I  temperature  has  a  slight  efi'ect  in  increasic 
J  cake,  but  the  experiments  on  this  point  wi 
Tiewhat  inconclusive. 

ng  of  a  alime-cake  takes  place  under  two 
,t  is  removed  from  the  pulp  and  allowed  to  r 
Jer  full  pressure,  and  when  removed  from  i 
I  temperature  40°  or  60°  C.  higher  than  the 
onditiou  is  of  little  practical  importance, 
ircorae  bj  reducing  the  vacuum-pressure  t 
lold  the  cake  upon  the  cloth.  Too  long  an 
this  pressure  will  cause  a  cake  to  crack.  Ui 
ure  ot  21  in.  a  l-in.  cake  will  break  down  ir 
Sand-slime  cakes  will  stand  a  longer  exj 
kes.  The  cause  of  cracking  is  lateral  shrii 
splacement  of  the  water  by  air  and  air-dryii 
ig  up  cakes  with  vertically-suspended  filt 
a  tendency  for  the  cake  to  build  up  thicker 
This  18  due  to  the  increase  of  tiltering-pr 
Bed  hydrostatic  bead,  and  also  to  the  thicl 
3ulp  in  the  lower  part  of  the  filter-vat.  Ag: 
to  a  large  extent,  the  building  up  of  thick- 
tre  the  proportion  of  sand  is  large  and  th' 
oarse,  agitation  is  quite  necessary,  but  shou 
3US,  as  otherwise  the  building  up  of  a  cake 
interfered  with  by  erosion.  With  fine  sandi 
ih  screen,  if  a  pulp-density  of  1.4  or  more  is 
or  no  trouble  is  experienced  by  the  sands  si 
ently  the  pulp,  in  the  experiments,  remainec 
8  for  intervals  of  longer  than  one  hour.  T 
ortion  of  water  in  the  pulp  moderate  agita 
most  cases. 

■s  should  be  built  up  with  vacuum-pressu 
lOBsible,  and  should  be  kept  completely  subn 
ke  is  forming.  The  temperature  of  the  pu 
■water  should  be  the  same.  Transfers  fror 
uld  be  made  as  rapidly  as  possible  and  un 
ires.  Filters  in  which  the  traneters  are  c 
[21] 
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amount  of  37  and  52  per  cent.,  respectively.  Curves  B  and  C 
show  a  rapid  consolidation  of  the  cake  at  0.25  in.  thick,  and 
then  a  gradual  thickening.  Curve  D,  built  up  at  a  lower  pres- 
sure, shows  a  gradual  thickening  and  a  somewhat  greater  rate 
of  thickening  than  B  or  C.     Curve  E  shows  a  greater  rate  of 
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Fio.  Ifl. — Rate  or  BcimiRa  Up  Sliue-Cakes. 

thickening  on  account  of  the  greater  density  of  the  pulp.     The 
curves  for  the  sand-slime  cakes  show  a  gradual  thickening. 

Fig.  15  shows  the  rate  of  building  up  slime  and  saad-sUme 
cakes  on  No.  12  duck  under  different  temperature-conditions. 
Curves  £,  M,  and  N  are  for  the  type  slime,  and  0,  P,  and  Q 
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pronounced  consolidatioDS  exteodiag  over  comparatively  long 
time  intervals  are  of  interest. 

The  rate-curves  indicate  that  as  a  sHme-cake  builds  up  a 
slow  coHBolidation  takes  place,  and  superimposed  upon  this  is 
an  irregular  and  faster  rate  of  consolidation.  The  irregular 
consolidation  is  characteristic  of  very  slimy  and  clayey  slimes, 
and  becomes  less  so  as  the  proportion  of  sand  is  increased. 
The  sand  diminishes  the  elastic  nature  of  the  slime-cake. 
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Fig.  18,— BuimiNO  Up  Clay  Sumr. 
'Washing. 
A  slime-cake  retains  from  28  to  38  per  cent,  of  solution ;  the 
former  for  sand-slime  and  the  latter  for  sHme-cakes.  Were  it 
not  for  osmosis,  simple  displacement  with  a  volume  of  water 
equal  to  that  retained  by  the  cake  would  be  sufficient  to  remove 
the  dissolved  salta  of  gold,  silver,  and  cyanide.  As  it  is,  the 
soluble  salts  diffuse  back  into  the  wash-water,  and  in  time  this 
builds  up  in  gold-  and  silver-values  to  such  an  extent  that  an 
appeciable  loss  results  when,  as  in  the  Butters  filter,  the  slime- 
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Complete  Cycle  of  Filtration. 
Given  the  time  for  makiDg  all  of  the  necessary  transfers,  the 
time  for  a  complete  cycle  of  operations  may  he  approximated 
by  using  the  filtering  and  building-up  rate-curves.  Two  such 
examples  have  been  worked  out  in  Figs.  19  and  20.  The 
former  shows  the  time  required  for  a  complete  cycle  for  the 
type  slime,  mixed  with  50  per  cent  of  sand,  both  for  single 
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displacement  and  double  displacement ;  while  the  latter  shows 
the  time  required  for  the  type  slime.  The  24-hr.  capacity  per 
100  sq.  ft.  of  filtering-surface  may  be  calculated  from  the  dia- 
gram, and  the  specific  gravity  of  the  cake  and  the  percentage 
of  moisture  retained.  Table  II.  shows  the  results  of  such 
calculations. ' 
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takes  more  than  8  min.  to  settle  gives  an  average  of  27.5  per 
cent,  for  the  mill-puIpB.  The  chemical  inveBtigation  was  not 
completed,  but  the  results  of  partial  analyses  are  sufficientlj  in- 
teresting to  include.  With  two  exceptions,  the  type  slime  and 
mill-elime  C,  the  calculated  percentage  of  aluminum  silicate 
corresponds  approximately  with  the  portion  of  the  pulp  taking 
longer  than  8  min.  to  settle.  Microscopical  examination  of 
the  coarser  portions  show  them  to  consist  almost  entirely  of 
silica.  The  results  on  the  type  slime  indicate  that  consider- 
able silica  remains  with  the  last  portion  of  the  slime.  Slime 
Cis  from  the  Goldfield  Consolidated  mill ;  as  is  well  known, 
part  of  the  alumina  is  present  as  alunite,  and  consequently  the 
calculation  of  all  of  the  alumina  to  aluminium  silicate  gives  a 
result  too  high.  The  results  of  the  chemical  analyses  indicate 
that  by  combining  physical  and  chemical  methods  an  approxi- 
mate separation  and  quantitative  determination  of  crystalline 
and  colloidal  material  may  be  effected. 

Table  IV,  gives  the  data  of  the  slime-plants  from  which  the 
mill-slimes  in  Table  III.  were  taken. 


Trp«  of  filler,  . 
MumberoruDlts,       . 
Number  of  le*vea  per 

anil, 

Nnmberoflem-e*,     . 
Are&ofleaf.iq.  ft.,  ■ 
Toul  filMriDg-*rea,  .    l 
ToMsllmoparaihr., 
Tou  sUme  per  100  sq. 


Table  IV.— Details  of  Slime- Plants. 

A.  B.  C  D.  E. 

.    .    Butun.      BatMn.      Batten.     Butters.     Uertlll. 


ency, » 


:  slime. 
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FUWMUpport,  .  . 
Thlckaenafcake,  Iq., 
Uolsture  Id  cklie,  p.c, 
Time  formlDg,  br..  . 
lime  waahlng,  br.,  . 
Tlmelntufen,  br..  . 
Total  lime-cycle,  br., 
FllterlDg-rate  per  lOD 

Tom  of  BolutloD  uid 
voab  per  24  br., 

Lireofonvfta,  montba. 
Frequency  of  acid- 
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by  E.  C.  Harder.*  They  are  believed  to  consist  of  depomts  formed 
from  waters  JHaiiing  from  surroanding  sedimcDtary  rocks,  and  occur 
iuterstntified  with  silicious  and  calcareous  tufa  in  a  bedded  deposit. 
At  Pioche  we  have  examples  of  the  third  class  of  deposits.  A  recent 
estimate  of  the  Geol<^cal  Sur\~ey  places  the  prolMble  ore  in  two 
Pioche  deposits  at  5.S0.O00  tons  and  possible  ore  at  1,000.000  tons,  earn- 
ing approximately  12S  manganese.  341  iron.  131  silica,  and  les  than 
0.11  phosphorus.  While  this  type  of  ore  has  np  to  the  present  time 
been  used  only  to  a  limited  extent,  more  use  may  be  made  of  it  in  the 
near  future. 

In  view  of  the  fact  that  little  attention  has  been  paid  to  this  metal 
in  the  past,  the  extent  of  the  mineralized  sections  of  the  State,  and  its 
rommou  a^neiatioD  with  silver  deposits,  it  is  not  unlikely  that  ther<' 
iua>'  be  many  jrood  deposits  found  herv  in  Nevada.  Recently  verv 
eocouraginfr  reports  have  come  of  new  discoveries  in  different  parts 
of  the  State,  especially  from  near  Las  Vegas.  Ely.  and  Gtriconda-  Thf 
latest  rvpMis  from  L^  Vegas  indicate  there  are  being  shipped  60  tons 
daily  with  hopes  of  increasing  this  soon  to  200  tons.  Reports  fron 
Elj-  state  they  are  making  daily  shipments  of  20  to  2.5  tons  and  with 
imprawd  transportation  can  increase  this  amoont.  If  shipments  of 
^£20  tons  daily  could  be  maintained,  they  woold  have  considerable 
int^ncnre  on  the  general  situation.  In  rodod  figures  the>~  would  total 
>0,000  itMis  >-early,  and.  as  the  estimated  aiaonnt  imported  last  year 
has  been  placi\1  at  about  oOO.OOO  tons,  it  is  readily  seen  what  as 
appreciable  effect  the  Nevada  supply  wotild  have. 

The  Mackay  Sehixil  of  Mines  has  rewntly  received  from  a  numbei 
of  di^ereni  K)ca!ities  in  the  Stale  ver>~  good  samples  of  maogaoese  ore. 
Attention  should  be  directetl  first  to  shearing  ores  of  shipping  grade 
witboni  preliminary  treatment.  Some  ccoicentratiitg  tests  have  been 
matle  to  improw  th^  grade  of  some  of  the  low-gT«de  salica-beariDg  ores 
wi;h  prvmiising  res<.itti!^  The  Mxckay  S^-hool  of  Miives  proposes  to  make 
fv.rrr.i  r  ;-sts  <>n  this  type  of  orv  during  th. 


Wh:"-  ;r.r-re  are  T;-,sny  mar.srar.ese  Ki:r-r«'.s.  there  are  only  a  ver}' 
f-'w  AVKraT^Y^alty  va>,;ab".e.  A  frw  s-Tr.i'e  tests  will  serve  to  identit? 
!h--T!^  The  osides  aV-  have  a  dark  cvvi^r  and  ssr>?ak ;  wben  fused  with 
K'rn  givw  an  anjeThj-Kine-ovorwl  Ivad :  when  fused  with  soda  aod 
-::■??■  ctvf  a  eTver:ish-c\yoT*d  be^d:  tresied  w::e  faydrocliloric  acid  give 
^  ?  y^'.orirw  pas, 

Th-e  fc"  >wir.g  are  t'"^ t  •?".":  f  -.-.r.-  m^s  with  a  brief  ^escriptioD  of  each : 


i"'--:  '■V*:k  ox;,v  of  a«angane«e.""  Ita 
\:i  i-^r.rair.- rJT  €S-2"T  netalltc  man- 
■,-r*".  hjTv.j  a  sk-tai;:^  to  dull  luster: 

d-.^rs:  .>r-.-.rs  s*savie.  nnapact.  sta- 
.;-r  s  >■".<.;>  ar-.:  :ts  «iI«-  Hack  to  steel- 
!:r^-.'.  V-A.i  wh-^:;  faaed  with  borax:  is 

T*Ti:-.g  :  "'.Hrw.  '.'.  occurs  id  this  State 
.  K'v,  G-:-,  >,C' l^  ar>i  Dear  Schnra. 


rv.is 

r-.:;.^ 

n. 

■s 

St; 

-". 

-.-.ros:::  -^ 

;■* 

T.-.: 

>::s 

:rf 

ir^-se-. 

i: 

»  * 

A 

?^ 

-*-. 

-i.  V 

A-f: 

-  7.-; 

-.:; 

^: 

*;:.-,■ 

.  a:ii 

a$  < 

rr,; 

:>Ci 

m 

'.■*"■ 

f.v-S 

»- 

*: 

:.  rr'Tt..    ■  v*  ; 


hot  the  content  ol 


'M 


At"-* 


H 


later  in  thia  report.  Silica  is  objectionable,  due  to  its  tendency  to  p 
duce  a  large  volume  of  alag  and  also  to  carry  manganese  into  the  si 
when  smelted. 

3.  Phosphorus  is  not  eliminated  in  smelting  manganese  ore,  and 
therefore  limited  to  a  very  small  amount  in  commercial  ore.  in  gi 
eral,  the  ore  must  contain  less  than  0.207(  phosphorus. 

4.  Ore  to  be  used  in  making  ferromanganese  must  contain  leas  th 
8%  iron.  This  is  necessary  in  order  to  produce  an  alloy  running  Si. 
manganese.    The  lower  the  iron  the  more  desirable  the  ore. 

Some  of  the  samples  sent  to  the  laboratory  have  shown  on  anal.v 
up  to  3%  tungsten  as  the  trioxide.  Inquiry  has  been  made  regardi 
its  possible  influence  on  the  value  of  the  ore.  With  one  exception,  I 
replies  indicate  that,  while  it  is  not  detrimental,  neither  is  it  thoi^ 
that  any  return  could  be  made  for  the  contained  tungsten.  One  dea 
stated  the  tungsten  would  detract  from  the  value  of  the  ore  for  I 
purpose. 

As  some  of  the  Nevada  ore  has  shown  sulphur  in  the  form  of  be 
sodium  and  calcium  sulphates,  inquiry  has  been  made  as  to  the  alio 
able  amount  of  sulphur,  and  this  has  been  fixed  by  one  dealer  at  fron 
to  2'/,  and  the  ore  still  be  of  value  in  steel  manufacture. 

CBEHICAI.  OBB 

For  use  in  making  dry  batteries,  glass,  and  in  the  enameling  indust 
the  highest  grade  ore  is  required.  It  is  then  called  "chemical  on 
This  type  of  ore  commands  a  slightly  higher  price  than  "metallui^' 
ore."  It  must  contain  high  manganese,  preferably  about  50%  metal 
manganese,  less  than  lY/i  iron,  and  less  than  0.01%  copper.  Some  ( 
of  this  grade  has  been  found  in  Nevada,  but  in  general  the  western  oi 
contain  too  much  iron  or  copper  for  this  classification. 

UAN0ANE8E  IN  STEEL 

Manganese,  to  become  useful  for  the  steel  industry,  must  first  be  pi 
duced  in  the  form  of  an  iron- manganese  alloy.  If  this  alloy  contai 
under  20%  manganese,  it  is  known  as  spiegeleisen ;  if  it  contai 
between  20  and  80/i ,  it  is  known  as  ferromanganese.  The  higher  gra 
alloy  is  demanded  by  the  steel  industry,  and  up  to  the  present  tii 
the  demand  has  been  satisfied.  In  the  attempt  to  use  the  manganf 
iron  ores  which  occur  in  large  amounts  in  this  country,  the  lower  gra 
alloy  may  come  into  more  extended  use. 

Speigeleisen  is  usually  produced  by  smelting  a  manganese  iron  o 
in  the  blast  furnace.  Lime  is  the  principal  ilux.  Silica  is  objectionab 
owing  to  its  tendency  to  produce  a  large  volume  of  slag  and  at  t 
same  time  carry  away  with  it  large  amount-s  of  manganese.  Pen 
manganese  is  produced  by  smelting  a  higli-grade  manganese  ore  in  t 
blast  furnace  or  in  the  electric  furnace. 

Manganese  is  used  in  steel  for  the  following  reasons: 

Kirst — To  neutralize  the  harmful  effects  of  sulphur  by  the  forin 
tion  of  the  less  harmful  sulphide  of  manganese. 

Second — To  remove  oxygen  from  the  steel  and  prevent  thereby  tl 
formation  of  blowholes. 

Third — To  produce  the  special  alloy  steel  known  as  manganese  stei 
used  for  implements  or  parts  of  machinery  subject  to  great  wear, 
crushing  surfaces  of  ore-crushers,  parts  of  plows,  rails  for  curves  < 
street  railways  where  subject  to  heavy  use,  and  burglar-proof  safes. 
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pliosphoruB,  or  less  than  dS'/c  manganese,  is  subject  to  re 
tion  at  the  buyer's  option. 

It  might  be  of  interest  to  Nevada  prospectors  to  fa 
Western  Ore  Purchasing  Company  will  sample  and  pui 
nese  ores  in  less  than  carload  lots,  which  will  enable  tl 
money  with  which  to  develop  their  property  without  dela 

FBEIQHT  BATES 
The  following  freight  rates  have  been  supplied  by 
Pacific  Company  as  in  effect  at  this  time,  March  29,  1916 
are  per  ton  of  2,000  pounds.  It  should  be  noted  that 
usually  purchased,  however,  on  the  long-ton  basis  of  2,24 
allowance  should  be  made  for  this  fact  in  estimating  thi 
in  a  given  case : 

GolL-oiida  to  Ilnzeii VsliiefSO.  $1.45  por  ton ;  Value  $100, 

.  Ueno  to  Hnzeii Value  S50,  SO-fiO  per  tou ;  Value |100, 

Scliurz  to  Ilnzen Value  $50.  $0.00  per  ton ;  Value  $100, 

llazen  to  Plttnliurg No  value  stated,  t 

Huzen  to  Ciiii-iiKo No  vnliie  stated, 

EXAMINATION  OF  SAMPLES 
Samples  of  supposed  manganese  ore  will  be  examined  a 
at  the  Mackay  School  of  Mines  if  the  samples  sent  art 
Nevada  and  are  taken  by  residents  of  this  State. 

The  School  will  gladly  furnish  further  information  o 
to  any  person  desiring  the  same. 

The  School  will  also  appreciate  any  information  rega 
nese  deposits  in  this  State,  names  of  shippers  or  possible 
any  local  problems  in  connection  with  increasing  present 


"Manganese  Deposits  of  the  United  States  with  Sectio 
Deposita,  Chemistry,  and  Uses"  (U,  S.  Geological  Survej 
427,  by  E.  C.  Harder)  is  the  best  and  most  concise  ref 
subject  up  to  1910. 

"The  Mineral  Industry,"  issued  annually  by  McGra 
and  "The  Mineral  Resources,"  issued  annually  by  the  U. 
Survey,  will  bring  the  subject  up  to  date. 

"Metallurgy  of  Iron  and  Steel,"  by  Bradley  Stough 
a  Professor  of  Metallurgy  in  Columbia  School  of  Mines, 
Secretary  of  the  American  Institute  of  Mining  Engine 
reference  on  the  use  of  manganese  in  steel. 

"Prospecting  for  Manganese,"  by  Henry  V.  Maxwell,  is 
I'sting  article  appearing  in  the  Engineering  and  Miniuj 
February  9,  1918. 

In  the  September  (1917)  Bulletin  of  the  American 
Mining  Engineering  is  found  a  review  of  the  New  York  I 
Meeting  on  Manganese.  This  account  gives  the  best  pre! 
the  subject  as  influenced  by  war  conditions. 

Bulletins  have  already  been  issued  along  similar  lines 
State  Mineralogist  of  California,  and  the  Colorado  Schm 
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Element 

Chlorioe 

Fbosphorous.... 


Symbol     Percentage 


Amonj?  those  elements  which  make  up  but  0.82%  of  the  earth,  the 
following  occur  in  the  common  minerals  of  the  State : 

Element  Symbol       Element  Symbol 


Arsenic 

Barium 

Lead 

Mangunese 

Mu 

.Te 

Zinc 

Zn 

Surprising  as  it  may  seem,  most  of  the  materials  used  in  everyday- 
life  are  comparatively  rare.  Usually  they  occur  in  unreco^zably 
small  amounts  in  the  rocks  of  the  earth,  and  it  is  only  under  unusual 
and  especially  favorable  circumstances  that  these  rarer  elements  have 
been  concentrated  in  commercial  quantities.  Nevada  has  been  greatly 
favored  aa  a  site  for  the  concentration  of  so  many  different  substances. 

In  the  table  accompanying  this  bulletin  the  percentage  composition  of 
the  commercial  constituent  of  each  mineral  is  given.  This  percentage 
is  based  on  pure  material,  and  hence  gives  the  greatest  amount  of  the 
component  substance  that  can  be  present.  Usually  the  percentages  will 
run  much  lower  because  of  the  presence  of  other  minertds  as  impurities. 
No  percentages  are  given  for  a  mineral  useful  as  the  mineral  itself- 

0LAS8IFICATI0N  OF  UINEBALS 

Minerals  may  be  classified  in  a  variety  of  ways.  The  basis  of  classifi- 
cation may  be  use,  occurrence,  or  some  particular  property,  but  since 
minerals  are  chemicals  and  since  the  use,  occurrence,  and  properties  of 
a  mineral  are  ultimately  dependent  on  its  constitution,  the  best  basis 
of  ctassthcation  is  chemical  composition.  On  this  basis  minerals  maj- 
be  arranged  in  thirteen  or  more  groups: 

1.  Elements  (Uncombined,  free) — 

Sulphur  (S),  Gold  (Au),  Silver  (Ag),  etc. 

2.  Oxides  {Compounds  of  oxvgen  with  other  elements) — 

Quartz  (SiOJ,  Hematite  (Fe,0,). 

3.  Sulfides  (Compounds  of  sulphur  with  other  elements)  — 

Pyrite  (FeSJ.  Chalcopyrite  (CuFeSj). 

4.  Chlorides  (Compounds  of  chlorine  with  other  elements) — 

Halite  (NaCl),  Cerargyrite  (AgCl). 

5.  Fluorides  (Compounds  of  flourine  with  other  elements) — 

Fluorite  (CaF„). 

6.  Silicates  (Compounds  of  silicon   and   oxygen  with  other   ele- 

ments)— 
Cyanite  (AI,SiO,),  Orthoclase  (KAISijOJ. 
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6  Idextificatiox  of  Xetada's  Common  Minerals 

minerals  are  considered  to  have  a  metallic  luster  which  are  opaqut 
thin  slivers  and  which  have  the  sheen  of  a  metal. 


The  color  of  the  fine  powder  of  a  mineral  b  called  its  streak.  ' 
powder  may  be  easily  formed  by  stroking  the  mineral  across  a  pieei 
un^lazed  white  porcelain  called  a  streak  plate.  The  unglazed  edg{ 
a  piece  of  broken  china  or  porcelain  plate  may  be  nsed  as  a  substa 
en  which  to  streak  the  mineral.  Other  ways  of  obtaining  the  streak 
scratching  the  mineral  with  a  knife  or  powdering  the  mineral,  wit 
hammer.  In  the  latter  procedure,  however,  care  must  be  taken  no 
contaminate  the  streak  by  material  worn  off  the  hammer. 

All  colorless  and  white  minerals  have  white  streaks.  Usually 
color  of  the  streak  is  a  tint  of  the  mineral  color  but  occasionally 
two  are  quite  different.  When  this  is  true  the  color  of  the  str 
becomes  very  important  in  the  identification  of  the  mineral.  Imp 
minerals  will  give  impure  streaks.  This  fact  should  be  kept  in  ra 
when  identifying  minerals. 

Hardsan 

The  hardness  of  a  mineral  is  a  measure  of  its  resistance  to  bt 
scratched.  In  no  way  is  it  a  measure  of  its  resistance  to  a  blow  f] 
a  hammer,  as  quite  commonly  supposed.  Arbitrary  numbers  have  I 
a.ssigned  to  designate  the  hardness  of  certain  common  minerals  so  I 
others  might  be  compared  with  them.  This  scale  of  hardness  is  kn( 
as  Moh's  Scale.  In  it  talc  is  taken  as  the  softest  mineral  and  is  i 
to  have  a  hardness  of  1.  Diamond  is  the  hardest  known  mineral 
is  designated  10.  Eight  other  common  minerals  are  arranged  in  or 
between  these  two.  Any  mineral  having  a  hardness  between  two  n 
erals  in  the  scale  is  given  a  hardness  number  half  way  between  as 
The  numbers  only  show  the  order  of  hardness  and  in  no  way  indi< 
the  absolute  relative  hardness.  Thus,  gypsum  is  not  twice  as  hare 
talc.  It  is  said  that  there  is  as  much  difference  in  hardness  betw 
diamond  and  corundum  as  there  is  between  corundum  and  talc. 

Moh's  Habdne.'ss  Scale 
Mineral  E. 

Talc 1 

Gypsum 2 

Calcite 3 

Fluorite. 4 

Apatite 5 

Feldspar 6 

Quartz 7 

Topaa 8 

Corundum 9 

Diamond 10 

For  all  ordinary  work  it  is  only  necessary  to  know  that : 

A  finger  nail  has  a  hardness  of  about  2.5. 

A  copper  coin  ha-s  a  hardness  of  about  3. 

Window  gla^  has  a  hardness  of  about  5.5. 

A  knife  blade  or  file  has  a  hardness  of  about  5.5. 
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ral  with  a  hardness  of  1  can  be  scratched  by  all  the 
One  with  a  hardness  of  4  cannot  be  scratched  by 
can  be  scratched  easily  by  a  knife.  It  will  easily 
n  but  will  not  cut  a  piece  of  gla^s.  In  determining 
h,  unaltered  surface  and,  in  addition,  be  sure  that 
nd  that  not  just  a  trail  of  powder  is  left  behind. 
mineral  in  a  scratch  made  by  another.  Granular 
lied  apart  in  determining  hardness  but  it  is  the 
ividual  grains  that  is  to  be  determined.  Hardness 
s  may  vary  with  crj-stalli^raphic  direction.  Usu- 
is  not  great  but  in  the  case  of  cyanite,  for  example, 
y  4  parallel  to  the  direction  of  elongation  of  the 
fht  angles  thereto. 

Spedflc  Gravity 
ty  of  a  mineral  is  an  expression  of  the  weight  of  a 
a  the  weight  of  an  equal  volume  of  water.  Min- 
^peeific  gravity  of  2.7  have  about  an  average  heft. 
mes  as  much  as  an  equal  volume  of  water.  Those 
c  gravity  of  about  2  are  noticeably  light,  and  those 
ity  above  3.5  are  noticeably  heavy.  In  comparing 
of  two  minerals,  choose  pieces  of  as  near  the  same 
lat  equal  volumes  are  compared. 

Stmctura 
orm,  the  particles  arrange  themselves  in  various 
lally  described  by  familiar  terms.     The  following 
d: 

■ucture  due  to  the  orderly  arrangement  of  atoms 
;  the  whole  mass.  A  property  not  easily  recognized 
nite  crystals  are  present.    Jlost  minerals  are  crys- 

crystalline,  without  crystal  form  or  orderly  inter- 
arrangement. 

,  needle-like  growth  of  crystals. 
Is  arranged  about  a  common  center  like  the  spokes 
about  the  hub. 

Is,  often  minute,  have  produced  a  tree-like  branch- 
ire. 

I  of  thin  wires  or  hairs. 

:al  aggregate  of  fine  or  coarse  individuals  held  like 
in  lump  sugar. 

ine  encrustation  on  a  surface  in  which  the  surface 
ated  by  a  layer  of  small  crystals. 
liglobular  kind  of  structure  giving  a  s\ir£aee  which 
that  of  a  bunch  of  grapes  cut  through  the  middle. 
!ture  with  a  surface  much  like  that  of  a  kidney. 
eaf  or  book-like  structure. 

;y  structure  in  which  the  mineral  can  be  split  into 
y  thin  sheets. 
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r:  consisting  of  plates  of  appreciable  thickness. 
tic:  ieiele-like  aggregates. 

ric:  onion-like  structure  composed  of  layers  with  a  commot 
enter. 

iffttarjf:  consisting  of  rounded  particles, 
a  concretionary  structure  in  which  the  rounded  particle: 
re  small,  like  bird  shot. 

■■:  concretionary  particles  about  the  size  of  a  pea. 
'.-  the  particles  are  large,  rounded  and  irregular  in  shape. 
;  broad  flat  surfaces. 

t:  a  uniform  aggregate  of  minute  particles. 
;  a  mineral  composed  of  compact  material  and  not  showin; 
ny  definite  form  is  said  to  have  a  massive  structure. 
nated:  the  mineral  is  rather  uniformly  distributed  throng! 
be  rock  in  which  it  occurs. 
Imctural  terms  used  in  the  table  are  self-explanator;-. 

Form 
,  mineral  is  free  to  crystallize  while  it  is  forming  it  usualli 
)me  definite  shape  called  a  crystal.    Such  shapes  are : 
ix  square  faces  at  right  angles  to  one  another. 
hedron:  an  equal  six-sided  form  in  which  the  sides  havi 
larallel  but  not  right-angled  edges.     Such  a  form  as  is  pro 
[uced  when  a  cube  is  distorted  by  pushing  at  one  of  thi 
omers. 

faces  usually  rectangiilar,  with  parallel  edges. 
i:  a  crystal  form  with  triangular  faces  which  meet  in  i 
loint ;   a  peak-like  form. 

Iron:  an  eight-sided  figure  with  equal  triangular  faces. 
dron:  a  four-sided  form  with  equal  triangular  faces. 
iedron:  a  twelve-sided  figure  bounded  by  diamond  -  shapec 
aces  or  by  five-sided  faces  as  iu  the  case  of  the  pijritohedron 
ly  under  very  favorable  circumstances  that  a  mineral  wil 
I,  easily  recognizable  crystals.  Those  inexperienced  in  min 
mination  will  find  this  property  of  little  use. 

OlAavago 
inerals  tend  to  break  along  smooth,  flat  surfaces.  This  prop 
lied  cleavage.  The  planes  so  produced  glisten  in  the  liphl 
though  the  mineral  may  be  an  aggi-egate,  each  grain  wil! 
ileavage  faces  by  the  light  it  reflects  to  the  observer's  eye 
is  described  according  to  the  cleavage  form  produced  Foi 
I  mineral  with  cubic  cleavage,  like  galena,  can  be  broken  int>: 
;8,  Usually  it  is  only  nec&ssary  to  determine  the  number  oi 
|)lane  surfaces  produced  when  the  mineral  is  broken  and  tf 
lerfectiOQ  of  the  surface  and  the  ease  with  which  it  may  b* 
Some  niineralB.  like  galena,  break  equally  well  in  thret 
;   others,  like  mica,  are  only  cleavable  parallel  to  one  diree- 
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lineral  is  brought  up  to  the  magnet.  A  few  minerals  show  a  play 
ilors  called  irideseenee  when  turned  in  the  light.  Such  phenomer 
I  seen  when  oil  is  dropped  on  water.  When  a  mineral  is  doul 
?£ra<!ting,  printing  will  be  blurred  or  seen  double  when  view 
irough  it.  This  only  can  be  tried  on  transparent  minerals.  A  striai 
lineral  will  show  fine  parallel  lines  or  scratches  on  its  surface. 
Minerals  illustrating  the  foregoing  properties  may  be  found 
jferring  to  the  accompanying  table. 

MmXEAL  ASSOCIATIONS 

Most  minerals  are  stable  only  under  certain  conditions  and  vri 
ley  are  removed  from  this  environment  they  undergo  change.  The 
)re,  minerals  are  indicators  of  the  formation  in  which  they  occ 
ome  are  stable  when  deeply  buried,  others  are  stable  at  the  surfa 
ome  occur  in  hard  crystalline  rocks,  others  only  in  surface  depos, 
hose  minerals  are  found  t<^ether  which  are  produced  by  the  same  ki 
f  processes  or  which  are  alike  chemically.  For  example,  galena  a 
ilialerite,  or  pyrite  and  chalcopyrite  are  often  found  together  becai 
ley  are  all  sulphides  and  are  produced  in  the  same  kind  of  wi 
imilarly,  in  the  upper  part  of  veins  carbonates  like  malachite,  azuri 
nd  cerussite  are  found  with  such  oxides  as  limonitc.  cuprite,  a 
ematite.  This  is  due  to  the  fact  that  some  of  the  original  miner 
avc  been  altered  by  the  carbon  dioxide  of  the  air  while  others  hi 
pen  affected  more  directly  by  the  oxygen  therein.  The  fact  that  m 
rais  are  often  accomf>anied  by  their  alteration  products  is  a  real  i 
1  mineral  identification.  For  example,  chalcopyrite  becomes  coal 
y  green  malachite  whereas  pyrite  which  may  be  mistaken  for  ehal' 
yrite  alters  to  brown  limonite. 

Minerals  are  not  haphazardly  distributed  in  the  rocks  but  occ 
here  they  do  because  certain  forces  have  acted.  Hence  they  ofl 
idieate  the  forces  which  have  produced  them.  They  may  indicate  I 
ature  of  an  ore  deposit,  may  sometimes  give  information  regardi 
le  feasibility  of  sinking  a  shaft  deeper,  or  of  abandoning  ail  ho 
nd  saving  the  expense.  The  one  who  best  understands  minerals  w 
est  be  able  to  interpret  the  forces  which  have  pnxiuced  them. 

THE  DETERMINATION  OF  MOTEEAIiS 
Minerals  may  be  identified  on  the  basis  of  their  characteristi 
iThen  all  other  methods  fail  it  is  usually  possible  to  determine  a  m 
ral  by  a  complete  chemical  analysis  but,  since  this  is  expensive  a 
ivolves  much  labor  and  skill,  it  is  usually  employed  only  as  a  h 
jsort.  Fortunatelj',  most  of  the  common  minerals  have  dis'tinguishi 
hy.sical  properties  by  which  they  can  readily  be  identified.  Such 
etermination  may  then  be  chet'ked,  if  necessary,  by  chemical  tests  J 
le  substances  the  mineral  contains. 

In  the  accompanying  table  the  minerals  are  arranged  systematica] 
[^cording  to  their  physical  properties.  Streak  is  the  first  property 
?  determined  when  this  table  is  used.  This  is  easily  obtained  by  o 
[  the  methods  already  described.  The  streaks  are  arranged  from  t 
ale  colors  to  the  dark  ones  and  minerals  having  the  same  colored  stre 
re  listed  in  order  of  increasing  hardness.  When  more  than  one  mi 
:al  has  been  included  for  a  given  hardness  the  list  is  in  the  order 
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NERALOGY  OF  DUK 

By  O.  R.  Chawe 
ilor  in  Mineralogy,  Mackay  Schc 
HI8TOBY  ANH  OCCUKEEKC 
duinortierite  as  a  distinct  miD 
1679,  when  Ferdinand  Gonm 
ralogic  and  petrographic  obser 
yoD,  France,  chanced  to  see  a 
to  the  feldspar  of  one  of  the  g 
d  iu  repairing  the  road  near  J 
he  mineral  might  be  cyanite  ai 
rial  or  to  trace  it  to  its  sourer 
t  of  material  to  Bertrand  foi 
im  and  other  optical  properti< 
was  unlike  any  known  and  i. 
a  new  species.  This  is  the  fir 
ith  the  encouragement  of  ha 
i)  returned  to  the  original  local 
led  the  basis  of  his  paper  of  II 
rtierite  in  honor  of  the  Lyon  f 
nard's  article  wan  accompan 
analysis  and  formula  for  the  n 
liich  have  followed  the  discovei 
observed  in  many  localities  of  v 
1  in  minor  amounts  as  acicul 
I  in  minerals  contained  in  peg 
dumirious  rocks  and  it  occasion 
I  larger  quantities.  At  Beaum 
found  it  in  a  pegmatite  whicl 
similar  occurrences  near  Oull: 
'ille  near  Brignais  (18).  Wei 
ierite  outeide  of  France.  He 
1  the  Riesengebirge  of  Oermai 
berg.  Similar  occurrences  hav 
enegg  (19)  and  in  Switzerlanc 
Tgeller  massif  of  the  Swiss  A 
led  an  occurrence  of  dumortii 
;ite,  and  Linck  (30),  much  ear! 
!  pegmatite  of  the  lower  Val 
Duthern  European  occurreneea 
■  (40)  has  observed  dumortiei 
y  of  a  muscovite  biotite  grani 
at  imligau  near  Chodeau,  at  Si 
rbris,  near  Pilsen.  Kratoehvi 
!,  Pelhfimo^',  near  Putimov,  v 
e  dike  traversing  granite  and  ^ 
rains  of  dumortierite  are  accoi 
.  green  fibers  and  prismatic  agg 
-efec  to  the  numbered  artk-les  In  tl 
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pany  sillimanite  in  small  pegmatite  veinlets  which  traverse 
mite  biotite  gueiss  at  Vj-mysliee,  near  Moravskj',  Xrumlov  (39 
them  as  well  as  southern  Europe  contains  minor  amounts  i 
itierite.  It  is  a  microscopic  constituent  of  a  pegmatite  whi< 
arnet  mica  gneiss  and  such  basic  rocks  as  peridotite,  pyroxenit 

0,  and  others  on  the  Kyshtymsk  estate  in  the  Uvildy  Lake  di 
of  the  Hussian  Urals  (25).  Inclusions  of  dumortierite  in  tl 
rite  gneiss  of  southern  Norway  have  been  described  by  Mieha 
and  Lacroix  (32,  26)  from  the  vicinity  of  Bamle,  Tvedestran 
iro,  and  Arendal.  Maekie  (33)  recently  has  recorded  the  occu 
of  the  mineral  in  the  gneiss,  granite,  and  p^matite  of  four  loca! 
I  Aberdeenshire  and  Banffshire,  Scotland,  and  in  the  granite  ■ 
^all,  England. 

'oka,  near  Soavina,  25  kilometers  north  of  Ambalofinandrahan 
^ascar.  is  the  only  African  locality  in  which  dumortierite  is  ^nov 
ur.    According  to  Lacroix  (27),  the  mineral  is  disseminated 
site  which  is  accompanied  by  other  quartzites  containing  lazulit 
!w  of  all  other  occurrences,  one  wonders  if  Lacroix 's  quartzi 
lot  be  veins  of  granular  replacement  quartz. 
the  South  American  Continent  dumortierite  has  been  found 
itina  and  in  Brazil,    It  occurs  as  an  accessory  mineral  in  grani 
trero.  Province  of  Catamarca.  Argentina  (38),   and  as  fibroi 
?ates  in  pegmatites  at   Rio  de  Janeiro  {12,  37).     Biman  (3' 
Is  two  occurrences  of  dumortierite  near  Rio  de  -Taneiro,  one  : 
burb  of  Copacabana  where  two  pegmatite  dikes  intrude  a  gam 
rite  gneiss ;  the  other  at  Ipanema  in  the  south  slope  of  the  Mor 
□tagallo  where  sis  pegmatite  dikes,  four  of  which  contain  dumo 

1,  cut  cordierite  sillimanite  gneiss,  Ferraz  and  Roccati  (12)  mo 
;Iy  have  recorded  the  occurrence  of  dumortierite  in  the  diamor 
ig  sands  at  Diamentinn,  Riacho  de  Varras,  Candonga,  ar 
rra  de  Paraima. 

th  American  dumortierite  has  been  found  in  one  locality 
la,  one  in  Mexico,  and  in  several  in  the  United  States.  In  19' 
mention  was  made  of  the  presence  of  dumortierite  in  the  Ni, 
1,  14th  Concession  of  Ashby  Township,  near  Bancroft,  Ontari 
a  p^^natite  vein  one  foot  wide  intersects  a  gneiss  (53).  In 
paper  Walker  (iS)  described  this  occurrence  more  fully,  Tl 
rtierite  is  included  in  muscovite,  quartz,  and  microcline  ac 
joints  in  the  pegmatite  itself.  The  Mexican  dumortierite  of  tl 
I  de  Guadalcazar  in  the  State  of  San  Luis  Potosi  forms  the  has 
I  papers  by  Wittich  and  Kratzert  (51,  52),  It  is  associated  wil 
in  quartz  boulders  which  the  authors  believe  to  be  derived  fro 
itite  veins  cutting  the  granite  laccolith  at  Realejo,  four  kilomete 
west  of  Guadalcazar,  because  the  streams  carrying  the  boulde 
their  source  in  this  granite  mass.  The  presence  of  dumortieri 
iueh  Huorinc  minerals  as  topaz  and  Huorite  makes  this  occurreni 
nueh  like  those  in  Brazil. 

en  of  the  United  States  contain  dumortierite :  Arizona,  Cal 
I,  Colorado,  Nevada,  New  Mexico,  New  York,  and  Washingtoi 
ntense  blue  color  of  the  mineral  at  Harlem,  New  York,  attracte 
ttention  of  mineral  collectors  early  in  the  Nineteenth  Centur 
acking  petrographie  microscopes,  tbey  classified  it  as  the  blv 
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>  duiuortierite.  Downward  the  dike  loses  its  schistosity,  become 
arser  and  dumortierite  appears.  Both  dumortierite  and  muscovit 
come  more  abundant  with  depth. 

The  University  of  California  recently  supplied  us  with  a  specime: 
dumortierite  obtained  by  Charles  Anderson  four  miles  northeast  o 
>rona  in  Riverside  County,  and  other  California  oecurreneea  i 
iperial  County  have  been  called  to  our  attention  by  Dr.  Jeffery  an' 
Dean  Butler,'  who  sent  ns  a  specimen  obtained  six  miles  northwe> 
Picacho  Peak,  but  no  geologic  reports  have  been  published  concern 
2  these  deposits. 

The  only  account  of  dumortierite  in  Colorado  is  that  published  b 
ndlay  (13)  in  1907.  He  found  the  mineral  associated  with  conindui 
d  sillimanite  along  Grape  Creek,  seven  miles  southwest  of  Canyo: 
ty,  Fremont  County,  Colorado.  The  parent  rock  is  a  pegmatite  dik 
-80  feet  wide  which  cuts  through  an  epidote  schist. 
At  the  headwaters  of  the  North  Fork  of  the  Washougal  River  i 
lamania  County,  Washington,  small  sphernlites  of  fibrous  dumoi 
>rite  occur  in  a  fine-grained  mass  of  muscovite,  andalusite,  and  quart: 
lecimens  from  this  locality  were  first  described  by  Pord  (14,  1,5)  an 
ter  by  Schaller  (44).  A  similar  occurrence  of  dumortierite  in  Nei 
exico  has  been  noted  by  Schaller  (45).  A  quartzose  sericite  rock  i 
p  Tres  Hermanas  mountains  of  Luna  County,  12  miles  northwest  o 
iluinbus,  contains  blue  spherulites  of  dumortierite. 
Dumortierite  is  known  to  occur  at  four  places  in  Nevada.  Jone 
2)  observed  the  pink  variety  in  the  sericite  schists  of  the  Rocheste 
ining  District  of  Per.shing  County,  hut  in  his  hasty  examination  mi* 
)k  it  for  rubellite,  Knopf  (23)  later  called  attention  to  this  mistak 
d  published  the  first  account  of  dumortierite  in  the  State,  H 
scribed  the  dumortierite  veinlets  in  the  Triassic  (Koipato)  serieit 
iiist  on  the  west  slope  of  Lincoln  Hill  in  the  Rochester  District.  Thi 
)rk  was  published  in  1924.  In  the  next  year  R.  H.  Rowland  dif 
vered  that  his  claims  in  Pershing  County,  in  the  Humboldt  moun 
ins  just  north  of  the  Rochester  Di»triet,  contained  a  large  deposit  o 
iraortierite.  This  deposit  lies  in  Humboldt  Queen  Canyon  (some 
nes  referred  to  as  Limerick  Canyon,  which  is  really  to  the  south) 
:  miles  east  of  Oreana.  Rowland's  claims  were  pnrcha.sed  by  th 
lampion  Porcelain  Company  of  Detroit,  Michigan*  (subsidiary  of  th 
lampion  Kpark  Plug  Company  of  Toledo,  Ohio),  in  October.  192." 
d  development  work  was  begun.  The  highest  grade  dumortierite  ha 
en  shipped  to  the  Porcelain  Company's  plant  at  Detroit,  Michigar 
d  used  in  the  manufacture  of  spark  plug  porcelain,  thus  makiu<;  th 
imbohit  Queen  deposit  the  only  commercial  occurrence  of  dumor 
rite  in  the  world.  Fairbanks  (11)  and  Peek  {'iii)  have  alread; 
scribed  the  mineralogical  properties  of  tbis  dumortierite  and.  sine 
is  the  primary  purpose  of  this  hnllctin  to  discuss  this  deposit  quit 
lly,  there  is  no  need  of  further  discussion  here. 
Another  known  locality  of  dumortierite  in  Nevada  is  at  the  southeri 
d  of  the  firanite  Range  in  Washoe  County,  approximately  eight  mile 
rthwest  of  Gerlach.  R.  M.  Oliver,  who  has  recently  visited  tb 
■ality,  describes  the  pink  dumortierite  as  occurring  in  segregations  ii 
"  granite  associated  with  quartz  and  muscovite.  The  fourth  localit; 
'l-e'i-»<ii<Ln-<>'iminiiilc-iit<<n)s  1.7im^M-li>r  Fnlt.ni. 
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L)  suggestion  that  there  might  be  some  relationship  between  titauiu 
itent,  color,  and  refractive  index.  As  pointed  out  by  Peck,  t 
mortierite  usually  contains  inclusions  of  rutile  which  indicate  th 
dumortierite  has  absorbed  its  full  amount  of  titanium,  and  hence 
)bably  forms  a  part  of  the  molecule  of  both  the  pink  and  blue  var 
i.  This  conclusion  is  further  borne  out  by  the  fact  that  Peck  h 
covered  some  veinlets  of  dumortierite  whicb  are  blue  near  the  wa 
1  pink  at  the  center.  Jones  has  found  a  similar  gradation  in  t 
vada  dumortierite  while  Walker  (48)  observed  that  the  centers 
Qe  dumortierite  crystals  have  a  deflfereut  pleochroism  from  th( 
eriors.  Peek  suppested  that  perhaps  the  color  may  be  due  to  t 
te  of  oxidation  of  the  titanium.  In  blue  dumortierite  it  may 
jsent  as  TijO,  and  replace  a  part  of  the  alumina,  in  pink  dumortier 
nay  be  oxidized  to  TiO^  and  replace  a  part  of  the  silica.  As  furth 
nted  out  by  Peck,  however,  the  color  effects  of  iron,  manganese,  a 
all  quantities  of  other  elements  must  not  be  overlooked,  and  o 
.st  keep  in  mind  that  "the  color  of  the  mineral  is  a  matter  easier 
'culate  upon  than  to  prove." 
streak.  A  light  tint  of  the  color,  nearly  white. 
Luster.    Vitreous  to  mat  (dull). 

Diaphaneilji.    Transparent  to  translucent  on  thin  edges  or  in  cr; 
s,  but  massive  material  appears  to  be  opaque. 
^iructinr.    Fanshaped  radiating  masses,  fibrous,  acicular.  prisma 
'Stals,  occurring  in  masses,  in  spherulitie  aggregates  and  as  incl 

"leavagf.    Distinct  parallel  to  macropinaeoid  (100).    Indistinct  pj 

s\  to  prism  (110).    Indistinct  parallel  to  brachy  pinacoid  (010). 

Cleavage  Angles — 

110  A  110  =  124°±  f9, 10).     100  A   110  =  U2°±  (9, 1( 

fracture.    At  right  angles  to  the  c  axis. 

Parting.    Imperfect  parallel  to  basal  pinacoid. 

Uardncss.    7. 

Tenacity.    Very  tough  in  massive  aggregates. 

Specific  Gravity.    Maximum  is  3.36.    Average  3.30.    Variations 

torded  specific  gravities  are  largclj'  due  to  variations  in  purity 

terial. 

PMsidrt  Point.    On  being  heated,  dumortierite  decomposes  to  mulli 

ich  fuses  at  1810°  C(3). 

Dlclertric  Constints.    Fairbanks  (11)  has  determined  the  dielecti 

istants  of  Nevada  dumortierite  and  two  other  aluminum  silicates: 

Dumortierite  (violet)  Nevada 17 

Dumortierite  (red)  Nevada 17 

Andalusite  (bluish)  California 8 

Andalusife  (bluish)  Tyrol.. 12 

Cyanite  (blue)  Nevada 7-9 

X  -  infinite.     Error  i  1 
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1.677li 
1.670.V. 
1.650 
1.678.K. 


l.(5o9s. 


1.712 


1.692.N. 

1.728 
1.686n.      1.689n. 
1.685.V.     1.690n. 
1.685s.     l.690i,. 
1.68os, 
1.684«, 


1.692n. 


C.    Optical  Piop«TtlM 
^re.  Biaxial, 
[ative. 
:tion — 

Ref.    Locality 
-.11     Nevada 
-.29    California 
--31     Norway 
-.30    Switzerland 
-.35     Nevada  (pink)  1.6; 

. -35  Nevada  (lavender)  1.6"! 
-.35  Nevadadight  blue)  1.6: 
-  -48     Canada 

Error  =  ±  0.003 
(y-o)=  0.010  to  0.027. 

Itrong  but  indeterminate,  p  >  u  (25,  26,  32,  35) 
J,  29,  44).  liacroix  gives  both  p  >  v  (26,32)  and 
iew  of  Sehaller's  (44)  work  p  <  u  seems  to  be  correct. 
!  axial  angle  (2E). 

alitornia  (44) 33^,.  37°s.,42°u.. 

anada  (48) 95°+:. 

lexico(51,.52) 50"+. 

vildy  I,ake(25) Small. 

il  angle  (2V). 

anada  (48) .52°±. 

ranee  (44) 35°;,.  to40°>-.. 

[adagascar  (27) 35''40'k.. 

evada(;i5) 30°-40''. 

orway  (26,  32) 35''±n.. 

nritzerland  (30) ..Less  than  that  of  miisoovite. 

Strong. 

Ref.  a  fi  y 

i  Deep  blue  1 

i  Reildiah  brown         I 

40  ^  Olive  green 

!  Deep  carmine 

I  Light  olive  green     J 

Light  to  dark  blue 

Violet 

Dark  wine  red 
37'  Bluish  green 

Greenish  yellow 

Dark  green 

Greenish  brown 


[  (Jolorle-s     Colorless 


Colorless     Colorless 
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Locality  Rf.f.  a  j8  y 

Cnlifoi-nia 44     Reddish  purple  Coiorlesa     ("olorle; 

i  Berlin  blue  ) 

Canada 4.S  j  Some  crj-stals  show  /■  Colorless     Colorle: 

(  green  interiors  J 

France  (Brignais) 44     Rose-salmon  Colorless     Colorle; 

Mexico .'>l,o2     Blue  Mlac  red     CJolorle; 

Moravia _       39     Dark  bl  ue  Yellowish    Colorie; 

Nevada 11, 35     lilue,  reddish, 

violet,  lavender       Colorless      Colorle: 

Switzerland '30    Pistachio  green  Colorless     Colorle: 

Other  localities 1,  19,28,  )  Colwilt  blue  (  Straw  color 

27,  32  (  Light  blue  ]  Paleyellow  Colorle. 

(  Colorless 

Orientation.     Z  \\  &,     X  ||  c,     Y  ll  b. 

Acute  bisectrix  is  perpendicular  to  e  axis. 

Elongatiwi.    Parallel  to  c. 

Inclusiovs.  Diller  (9,  10)  observed  liquid  inclusions  and  long  tubi 
lar  cavities  in  dumortierite.  Rutile  and  titanite  inclusions  are  aU 
common. 

Pleochroic  Haloes.  Observed  by  Laeroix  about  inclusions  of  dumoi 
tierite  in  the  eordierite  of  Norway. 

D.    ObomiCftl  PropertiM 

Infusible  before  the  blowpipe. 

Loses  color  on  strong  ignition. 

Yields  a  blue  color  when  heated  with  cobalt  nitrate  on  cliarL'oi 
before  the  blowpipe. 

Renders  a  salt  of  phosphorous  bead  slightly  bluish  an<l  opaline. 

Insoluble  in  acid  including  cold  hydrofluoric  acid.  Quite  resistai 
to  weathering  and  hence  found  among  detrital  products. 

Many  specimens  when  fused  with  sodium  carbonate  will  give  a  to 
for  titanium  with  hydrogen  peroxide. 

When  intimately  mixed  with  potassium  bisulphate  and  calciui 
fluoride  and  introduced  into  a  colorless  flame,  the  green  flame  of  boro 
may  be  obtained,  but  thisis  a  very  delicate  test  and  may  fail. 

The  behavior  of  dumortierite  on  heating  at  high  temperatures  we 
investigated  by  Bowen  and  Wyckoff  (3)  who  found  that  the  minen 
((uickly  turns  white  at  800°  C  and  -slightly  turbid  at  fl.'iO''.  The  r.-frai 
tive  index  is  slightly  lowered  and  after  10  minutes  heating  at  1*200 
the  average  index  becomes  1.61,  the  elongation  becomes  positive  an 
the  product  shows  characteristic  X-ray  spectnim  lines  of  mullit 
IVemadsky  (47)  had  stated  earlier  that  the  deeompo.sition  product  i 
sillimanite] .  After  two  hours  heating  at  1400°,  dumortierite  con 
pletely  breaks  down  to  mullite  {3Ali.03.2SiOj)  and  probably  silica  an 
boric  oxide.  Boric  oxide  and  water  are  completely  expelled  in  4. 
hours  at  1500°  at  which  temperature  sintering  begins.  Liquid  flr* 
appears  at  15iJ0°  due  to  the  melting  of  the  euteetic  between  mullite  an 
silica  (1545°).  For  all  practical  purposes  dumortierite  at  high  ten 
peratures  behaves  like  a  material  containing  only  alumina  and  silio 
nearly  if  not  actually,  in  the  proportion  4Alj03.3Si02,  the  formul 
which  Damonr  originally  assigned  to  the  mineral. 


'  '""-»^m^ 
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OHEMICAI.  ANAI.TSES 

Fifteen  elieniieal  anal^'ses  of  dumortierite  from  ten  different  locali- 
ties have  been  published  bj-  ten  analysts.  The  following  compilation 
of  these  analyses  shows  that  no  two  of  the  ten  analysts  quite  agree  on 
the  composition  of  the  mineral.  The  causes  of  disagreement  are:  (1) 
small  amount  of  material  availnble  for  analysis,  (2)  difficulty  of  obtain- 
ing material  of  requisite  purity,  (3)  difficulties  inherent  in  methods  of 
analysis,  (4)  failure  on  the  part  of  some  analysts  to  detect  all  constitu- 
ents present,  (5)  the  prohability  of  vicarious  replacement  of  aluminum 
by  bonm,  hydrogen,  iron  and  titanium. 

Dumortierite  of  all  localities  is  so  intimately  associated  with  other 
minerals  that  material  of  sufficient  purity  for  chemical  analysis  can  be 
obtained  only  by  craployinp  special  means  of  separation.  Even  then 
tile  material  obtained  may  contain  inclusions  and  therefore  should  be 
microscopically  examined  before  it  is  analyzed.  Often  the  amount  of 
pure  mineral  obtainable  is  so  small  that  considerable  error  is  intro- 
duced in  the  analysis  of  the  lesser  constituent.  Damour  (6),  in  making 
the  first  analysis  of  dumortierite.  Introduced  a  method  of  purification 
which  has  since  been  used  with  modification  by  other  analysts.  Making 
use  of  the  fact  that  dumortierite  is  not  attacked  by  cold  hydrofluoric 
acid  while  ijuartz  and  feldspar  are,  he  treated  his  material  with  a  mix- 
ture of  hydrofluoric  and  sulfuric  acids  and  obtained  relatively  pure 
dumortierite.  This  he  further  purified  by  drying,  grinding  and  stir- 
ring in  Thoulot's  solution  (potassium  mercuric  iodide).  The  dumor- 
tierite which  sank  in  the  solution  was  used  for  analysis.  Ford  {14,  15) 
reversed  Damour's  procedure.  He  crushed  the  mineral  and  first  sepa- 
rated it  from  the  lighter  minerals  by  using  Thoulet's  solution  and  then 
barium  mercuric  iodide.  Ford  hand-picked  the  heavy  concentrate  and 
<iigested  the  selected  material  in  cold  hydrofluoric  acid.  Whitfield 
{ft.  10)  first  used  Klein's  .solution  {cadmium  borotungstate)  and  an 
electromagnet  to  get  out  the  tourmaline  but  found  the  employment  of 
Thoulet's  solution  and  the  digestion  with  hydroflouric  gcid  to  be  a 
better  procedure.  Schaller  {42,  4;(,  44)  used  only  heavy  Ii<iuid  separa- 
tion but  made  a  careful  microscopic  examination  of  the  material  to  be 
analyzed.  Todd  {48)  used  Hraun's  solution  (methylene  iodide)  as  the 
separating  nie<lium. 

According  to  Schaller  (44).  "an  anlysis  of  dumortierite  is  a  difficult 
operation."  He  found  (a)  that  the  mineral  must  be  fused  with  soda 
at  least  twice,  (b)  that  the  handling  of  large  quantities  of  gelatinous 
aluminum  hydroxide  (plus  those  of  iron  and  titanium)  is  cumbersome, 

(c)  that  a  triple  precipitation  of  the  aluminum  hydroxide  is  necessary, 

(d)  that  the  Gooch  method  for  the  determination  of  boron  is  the  best, 
providing  all  the  known  precautions  are  taken,  (e)  that  the  determina- 
tion of  water  by  ignition  loss  is  not  satisfactory. 

Damour  originally  assigned  the  formula  4AliO,.3SiOM  fo  dumor- 
tierite as  a  result  of  his  analysis  of  flonnard's  material.  He  did  not 
suspect  the  presence  of  boron.  Subsequent  spectroscopic  analysis  of 
a  few  hundredths  of  a  gram  of  the  French  material  imlicated  to  Raoul* 
(28)  that  the  boron  content  of  this  material  was  much  less  than  that 
obtained  in  American  localities,  but  Ford  {14,  15)  had  already  pointed 
out  that  boron  is  not  easily  detected  by  qualitative  tests.  The  difficul- 
ties involved  in  boron  determinations  are  indicated  by  the  wide  range 
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t>  is  largely  composed  of  a  thick  series  o 
;ccias  in  part  interbedded  witli  sedimenb 
d  sand^jtones  of  middle  and  upper  Trias 
largely  lie  below  the  sediments  the  Fortit 
^d  the  Triassic  rocks  into  two  groups,  nan 
sediments  the  Star  Peak  Formation.  Dui 
Era  these  were  intruded  by  granites  and 
rict  the  structure  is  a  broad  anticline  that 
;kfi  forminfc  the  western  limb  of  the  anticli 
.  30  deg.  "W.  and  dip  30  deg.  westerly, 
on  of  the  granitic  rocks  were  heated  s< 
)re  and  mineral  deposits  found  in  the  Ri 

ug  geologic  periods  erosion  was  antive  d« 
nd  depositing  the  debris  in  the  valleys.  1 
iry  Era  extensive  faulting  began  to  reelei 
ued  to  the  present,  as  is  evidenced  by  reeei 
he  range  and  the  steep  walled  canyons  thj 
fit  movement  has  been  accompanied  at  ti 
saltic  lavas. 

E  the  rocks  exposed  in  the  Rochester  Dist 
;ing  to  the  Koipato  group.  Knopf  (23, 
:ness  as  between  10,000  and  15,000  fe 
e  rocks  are  chiefly  trachytes  and  kerati 
r  areas  of  aplite  and  dikes  of  granite  pr 
escribed  by  Knopf,  comprises  a  series  o: 
reccias;  light  colored,  felsitic,  and  usual 
)  pbenocrysts  of  microcline  only,  althougl 
:cur  in  the  upper  layers  of  the  series.  W 
assive,  the  tuffs  an<l  breccias  are  more 

limerick  Canyon  an  area  of  the  trachyte  ' 
opf  found  in  a  study  of  the  darker  color 

slender  phenoerysts  of  microcline  in  a  sp 
erulites  dusted  with  minute  specks  of  iroi 
lounts  of  apatite,  titanite,  and  zircon  were 
?eondary  quartz  occurred  as  veinlets  and 

of  the  microclines.  A  fresh  specimen 
jy   R.   C.   Wells  (23,   p.   16)  with   the   fo 
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high  percentage  of  potash  and  relat 
idicates  that  the  I'ock  is  a  trachjle. 
36  of  Lincoln  Hill  a  considerable  area  • 
Uy  altered  and  replaced  by  quartz,  ae 
irite.  The  underlying  breccias  strike 
westerly.     The  dumortierite  occurs  t 

the  schist  and  as  a  network  of  quarl 
al  texture  of  the  tracJiyte  has  been  eo 
ck  consists  of  the  four  minerals  meat 
s  the  alteration  of  the  trachyte  is  due  t 
boron  that  escaped  from  the  under 
d  and  solidified. 

■es  are  dark  colored  tuffs,  breccias,  ai 
Ibite,  chlorite  pseudomorpbs  after  i 
le  to  metamorphisin  the  keratophytf 
ibundance  of  black  tourmaline  and  bio 
phyres  and  trachytes  is  somewhat  unc 
hrough  a  transition  Kone  of  from  5( 
hickiiess. 

intrusive  rocks  were  recognized,  a  i 
es  and  granite -porphyries  of  post-Tri* 
lieved  to  be  responsible  for  the  solutic 
rite  and  metalliferous  veins. 
f  dumortierite   in   Humboldt  Queen 
the  cauyon  at  an  elevation  of  appro: 
1  and  about  1,000  feet  above  Oreana. 
ss  the  fiat  floored  Humboldt  Valley  to 
ses  rapidly  due  east  through  the  steep- 
of  the  Champion   Porcelain  Compan 
n  canyon  turning  south,  with  a  brane 
le  continuing  east. 

te  occurs  in  two  parallel  zones  striking 
The  western  zone,  located  at  the  fork 
old  outcrop  of  massive  ((uartz  several 
de,  striking  N,  20  deg.  E.,  and  dipping 
lopment  work  has  been  done  upon  il 
Uout  600  feet  east  from  the  western 
-thern  branch  of  the  canyon.  This  z 
15  deg.  E.,  dips  50  deg.  W.,  and  has 
rtierite  obtained  up  to  the  present  tim 
le,  the  zone  is  marked  by  bold  outcn 
hich  are  numerous  stringers  and  veins 

the  saddle,  however,  the  zone  is  ineo 
nearly  pure,  massive  dumortierite  wei 
s.  The  greater  part  of  the  production 
1  lenses  found  in  and  near  the  saddle, 
as  formed  due  to  the  -somewhat  softe 
ortion  o£  the  zone. 

ve  been  explored  by  numerous  open  cu 
le  as  it  crosses  the  saddle  and  by  abou 
'  tunnel  driven  to  intersect  the  zone  i 

follow  the  zone  up  the  gulch  to  the 

the  masses  of   high   grade   dumoi'ti* 
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abundant  in  an  elongate  area  or  shoot  pitching  about  35  deg.  to  11 
south.  Thi.s  shoot  lies  on  the  southern  end  or  toe  of  the  large  outcn 
of  massive  quartz  to  the  north. 

The  lower  tunnel  cut  the  dumortierite  zone  about  160  feet  from  tl 
portal  and  at  180  feet  intersected  a  diabase  dike  that  at  the  tia 
seemed  to  be  the  footwall  of  the  zone.  The  tunnel  then  was  tumf 
to  the  north  and  followed  the  dike  for  300  feet.  At  this  point 
l>ecame  apparent  that  the  dike  had  crossed  the  zone  at  a  low  angle  ai 
a  crosscut  was  driven  east  through  the  zone  behind  the  dike.  Th 
crosscut  is  under  the  southern  end  of  the  massive  quartz  outcroppii 
up  the  northern  branch  of  the  canyon.  For  the  first  few  feet  tl 
crosscut  is  in  altered  schist  that  soon  changes  to  massive  quartz  whii 
continues  for  75  feet  to  the  schist  that  forms  the  footwall  of  the  zon 
While  the  massive  quartz  contains  numerous  stringers  and  small  lens 
of  dumortierite,  museovite,  and  quartz,  yet  none  of  the  large  mass 
of  pure  dumortierite  were  encountered, 

A  second  crosscut  was  then  driven  where  the  tunnel  first  encon 
tered  the  dike  and  on  breaking  through,  a  large  lense  of  dnmortieri 
was  found.  This  lense  was  spindle  shaped  and  about  38  feet  long,  '. 
feet  high,  and  7  feet  wide,  tapering  at  both  ends.  The  longer  ai 
pitched  35  deg.  to  the  north  lying  across  the  general  pitch  of  the  sho 
as  disclosed  in  the  surface  openings.  The  lense  lay  on  massive  quar 
with  schist  banging  walls  and  stringers  of  dumortierite  leading  fro 
the  lense.  This  seems  to  be  the  common  mode  of  occurrence  of  tl 
lenses  found  in  place  near  the  surface  in  the  saddle. 

The  courae  of  the  diabase  dike  varies  from  N.  10  deg.  W.  in  tl 
southernmost  exposure  in  the  tunnel,  then  turns  on  an  arc  parallel 
the  zone  for  125  feet,  then  again  turns  N.  10  deg.  W,  cutting  aero 
the  zone.  At  the  northern  end  of  the  tunnel  the  dike  again  turns  a  U 
degrees  east  of  north  and  follows  parallel  to  the  zone.  It  is  probab 
that  the  dike  follows  more  or  less  closely  the  hanging  wall  of  the  mi 
sive  quartz  but  not  so  closely  but  that  occasional  pockets  of  the  soft 
altered  schist  and  dumorterite  lenses  are  included  between  the  di 
and  the  quartz  as  in  the  area  where  the  recent  mass  of  dnmortieri 
was  found.  Unfortunately  the  surface  is  deeply  covered  with  debi 
and  the  dike  does  not  outcrop.  The  westerly  dip  of  the  dike  vari 
from  45  deg,  to  70  deg,,  and  the  width  from  20  to  35  feet.  As  the  di 
has  numerons  apophyses  cutting  arcoss  the  schistosity  and  the  dumc 
terite  veins  and  leuses  it  is  evident  that  the  dike  was  injected  aft 
the  dumorterite  had  formed  and  that  its  approximate  parallelism 
the  zone  is  due  to  the  relative  weakness  of  the  zone  oflfering  a  readi 
avenue  of  flow  than  the  surrounding  rocks. 
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inateriul  as  determined  by  C.  W.  Davis  of  the  Rare  and  Precious  1 
Experiment  Station  of  the  U.  S.  Bureau  of  Mines. 

The  colors  of  the  hand  specimens  were  determined  by  comparii 
samples  with  the  Ridgway  color  chart.  No  tint  photometer  rei 
could  be  made  bei'ause  of  lack  of  suitable  material  in  pieces 
enoufih  for  the  purpose.  The  streaks  were  determined  both  by 
parison  with  the  Ridgway  chart  and  by  analysis  by  means  of  th 
Tint  Photometer  according  to  the  method  described  by  the  distril 
of  the  iusti'uiuent  and  according  to  the  suggestions  made  by  the  p 
writer  (Science,  n.s..  Vol.  LXVI,  pp.  61,  62,  1927).  Material  S< 
determination  of  the  streak  was  prepared  by  grinding  selected 
ments  of  the  mineral  in  an  agate  mortar  to  pass  a  1/16  mm.  s 
This  fine  powder  was  poured  on  a  piece  of  cardboard  approxima 
square  inches  in  area  and  rolled  smooth  under  a  four  kilogram  v 
a  second  piece  of  cardboard  being  inserted  between  the  weight  ar 
material  during  the  rolling.  This  insured  a  uniform  compactn 
all  specimens  analyzed.  The  cardboard  covered  by  the  compi 
powder  was  then  placed  on  the  magnesia  block  of  the  photomete 
color  readings  were  taken  in  the  usual  way.  The  readings  tabi 
are  the  mean  of  five.  Specific  gravity  determinations  recorded  i 
table  represent  the  average  Jolly  balance  determinations  of  five  sa 
of  each  specimen. 

Davis  analyzed  three  specimens  of  the  dumortierite  described  i 
The  material  was  ground  to  pass  a  200  mesh  screen  and,  in  accor 
with  instructions,  no  attempt  was  made  to  purify  it.  The  g( 
method  of  analysis  was  that  for  silicate  rocks  outlined  by  W.  F. 
brand  (U.  S.  Geol.  Survey  Bull.  700,  1919)  but  modified  to  tak. 
account  the  precautions  of  Schaller  (44).  Titanium  was  deten 
colorimct  rieallv.  boron  according  to  the  Goneh-Low  method  as  mo 
by  Chapin  (J.  Am.  Che.  Soc.  Vol.  30,  pp.  1691-1701,  1908),  an 
alkalies  were  determined  by  the  J.  Lawrence  Smith  method. 

From  the  chemical  analyses  the  theoretical  mineral  eompositii 
the  analyzed  materials  were  calculated.  These  computations  are 
on  the  minerals  observecl  by  Jones  in  his  study  of  the  thin  sectit 
the  material  analyzed.    The  following  assumptions  were  made : 

(1)  That  all  the  K,0  is  contained  in  muscovite  (AljKH,Si,0,; 
sp.  gr.  2.85. 

(2)  That  all  the  Xa^O  is  contaiued  in  paragonitc  (AljNaHjSi 
av.  sp.  gr.  2.90, 

(3)  That  all  the  B^O^Ti^Oa  and  Pe,0,  is  contained  in  dumort 
av.  sp.  gr.  .'1,30. 

(4)  That  all  Al,On  in  excess  of  that  needed  to  form  micas  and  di 
tierite  produced  andalusite  (AljSJOj),  av.  sp.  gr.  3.18. 

(5)  That  all  excess  SiO,  formed  quartz  (SiO,),  av.  sp.  gr.  2.6;"), 
No  account  was  taken  of  the  MgO  which  may  form  some  eol 

phlogopite.  The  calculated  specific  gravities  are  the  sums  of  av 
specific  gravities  of  the  tlieoretical  minerals  weighted  according  to 
abundance. 

The  first  set  of  mineral  analyses  is  based  on  Schaller's  formul 
dumortierite,  8Alj03.BjO,.Hj0.6SiOj,  in  which  titanium  and  iror 
replace  aluminum.  The  results  based  on  this  formula  are  at 
because  the  calculated  percentage  of  andalusite  for  specimen  1  : 


"  IT  ^> 


■§>  SKSSS  S  "  °z°°"S^°=° 


8  •'^SHS    X    z' 


11. 


-I-  ¥  Jl 


-Is 

Hill  ^  it! 

f  Ii   ^ 
iiiii    i 

mi    ] 


111 


3:;  THE   MINERAL   DUMORTIEHITE 

Andaliisite  was  observed  as  large  grains  up  to  several  millimet 
diameter  and  in  all  stages  of  replacement  by  the  minerals  meat 
previously.  The  replacement  proceeded  along  the  cleavage  crat 
started  in  isolated  areas  within  the  crystals  and  progressed  by  s 
Tile  preliminary'  stage  was  generally  a  granulation  of  the  anda 
in  which  the  borders  of  the  crystals  broke  into  a  dusty  aggregi 
grains  that  extinguished  in  harmony  with  the  unaltered  crystal  in 
ing  that  there  had  been  no  movement  of  the  individual  grains  d 
the  period  of  granulation.  Then  needles  of  dumortierite  accomp 
by  sericite  penetrate  the  granidar  mass  eventually  changing  it 
mixture  of  dumortierite  and  muscovite  as  observed  in  the  high 
material.  Later  quartz,  sericite,  and  dumortierite  were  deposit 
irregular  patches  and  in  veinlets  replacing  to  some  extent  the  e 
formed  minerals.  Finally  quartz  veins  with  a  minor  amouj 
dumortierite  aud  sericite  cut  through  the  replaced  mass  as  th 
deposit  from  the  .solutions  causing  the  alteration  of  the  andalusi 

>linute  grains  of  andalusite  the  same  size  as  the  granules  i 
granulated  andalusite  occur  in  the  quartz  and  in  a  number  of  ins! 
they  were  clearly  dragged  from  the  original  borders  of  the  lai^ 
tals  by  the  solution  as  it  deposited  the  quartz  veinlets. 

Small  grains  of  rutile  and  titaniferous  magnetite,  with  the  a 
panying  oxidation  products  leucoxcne  and  iron  oxides,  were  seal 
sporadically  through  the  rock.  A  few  instances  were  noted  ' 
pyrite  had  been  deposited  in  altering  andalusite  along  with  the 
cite,  quartz  and  dumortierite. 

A  slide  of  the  rock  forming  the  hanging  wall  of  the  east  di 
tierite  zone  disclosed  residual  phenocrysts  of  microcline  and 
quartz,  a  few  grains  of  titanite,  needles  of  tourmaline,  and  an 
fragments  of  tuffaceous  inclusions  with  spherulitic  texture 
sehi.stose  groundmass  of  granular  quartz  and  sericite.  The  rod 
responds  closely  to  the  trachyte  as  described  by  Knopf. 

The  footwall  rock  is  somewhat  darker  in  color  and  is  essentii 
quart z-sericite  schist  containing  veins  of  quartz  and  black  tourm 
The  microscope  disclosed  crystals  of  titaniferous  magnetite  and  ti 
with  leucoxene,  biotite  foils  and  patches  of  chlorite,  and  outlis 
feldspar  crystals  and  tufF  fragments  replaced  by  a  fine-grained  s 
gate  of  secondary  quartz  and  sericite.  No  residual  quartz  pheuoi 
were  noted.    The  rock  is  similar  to  the  keratophyres. 

The  rock  in  the  face  of  the  crosscut  under  the  massive  quartz 
altered  quartit-sericite  schist  with  a  few  quartz  phenocrysts  as  the 
representatives  of  the  minerals  in  the  original  lava.  Along  the 
ing  wall  of  the  diabase  dike  occasional  thin  streaks  of  dark  cc 
schist  occur  which  have  quartz  residuals  and  outlines  of  feldspar 
completely  replaced  with  a  fine  grained  aggregate  of  quartz  and 
cite,  Euhedral  crystals  of  black  tourmaline  are  abundant  tha 
across  the  planes  of  the  schistosity  and  have  evidently  been  ft 
after  the  development  of  the  schist. 

As  nearly  as  can  be  judged  the  zone  has  formed  in  the  tran 
zone  between  the  trachytes  and  the  keratophyres  where  the  two 
of  lavas  are  interbedded.  While  no  definite  statement  can  be  ma 
present  as  to  the  attitude  of  the  different  beds,  it  is  probable  thi 
zone  dips  somewhat  more  steeply  than  the  beds  and  cuts  them  at 
angle. 
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As  the  components  introduced  into  the  andalusite  are  kno 
volatile  at  temperatures  above  500°  C,  and  to  be  present  in  th 
tioiis  given  off  by  solidifying  magmas  it  is  probable  that  th 
tioDS  were  gaseous  at  the  time  of  the  fonnation  of  the  hi( 
dumortierite.  The  latter  introduction  of  the  quartz  veins  i 
delayed  until  the  solutions  had  cooled  below  the  critical  tern 
of  water  (365°  C.)  as  is  indicated  by  a  slight  replacemeni 
dumortierite  and  moscovite.  It  is  possible  that  most  of  the 
site  grains  found  in  the  quartz  \eins  are  residuals  though  si 
have  been  deposited  with  the  quartz. 

The  dumortierite  then  was  formed  in  two  distinct  stages; 
replacement  of  pre-existent  audalusite,  probably  by  gaseous 
at  temperatures  above  500°  C. ;  the  other  by  liquid  sohitio 
the  critical  temperature  of  water  in  the  vicinity  of  365°  C,  s 
ponent  of  the  quartz  veins.  An  examination  of  specimens  In 
a  dozen  other  localities  indicated  that  in  every  instance  tht 
tierite  was  deposited  with  quartz,  and  the  first  mode  of  dcposi 
absent. 

As  an  excess  of  silica  is  undesirable  in  the  manufactur 
porcelain  sought  and  as  the  deposit  near  Rochester  is  the  on 
rence  known  at  present  that  furnishes  suitable  material,  the  i 
is  clear  that  only  such  deposits  as  have  formed  through  the 
mcnt  of  andalusite  are  of  present  commercial  value. 

Prospecting  for  deposits  of  dumortierite  .'ihould  be  confine 
areas  in  the  vicinity  of  granites  and  other  acid  magmas  in  conl 
aluminous  rocks.  Such  rocks  are  present  in  the  Triassic 
Northern  Nevada  and  have  been  intruded  in  a  number  of  lo« 
granites.  As  the  lavender  color  of  the  dumortierite  is  disti 
will  probably  be  first  noted  in  quartz  veins  associated  wi 
colored  mica  schists.  If  in  addition  bodies  of  andalusite  occi 
vicinity  it  is  probable  that  a  suitable  deposit  of  dumortieriti 
found  indicated  bj-  large  boulders  and  masses  of  the  purer 
on  the  surface. 
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Due  to  the  high  hanliiess  and  toughness  of  these  boulders, 
fragments  of  this  prptty  colored  and  attractive  looking  mineri 
salt  the  hillsides  for  a  ([uarter  of  a  mile  around  the  main  outcro 
result  ot  the  hlastiiig  of  the  boulders.  A  tenderfoot,  even  today, 
wonder  how  such  a  promiscuously  mineralized  area  conid  ha\ 
undiscovered  for  so  long  a  time. 

By  October,  1926,  the  wagon  road  had  been  extended  as 
practical  up  the  gulch  and  at  this  point  a  neat  compressor  plai 
installed.  The  eompressor  is  an  Ingersoll-Rand  portable  gt 
engine  driven  unit  of  the  10"  x  8"  type  "Twenty,"  capable  of  rii 
two  or  three  jackhammers  and  the  No.  33  Leyner  sharpener.  1 
forge  for  the  sharpener  is  lined  with  a  refractory  brick  of  excef 
qualities  made  for  experimental  purposes  by  the  Champion  Pot 
Company  from  the  dumortierite  of  this  property. 

A  3-inch  pipeline  of  several  hundred  feet  in  length  transmi 
compressed  air  to  the  lower  tunnel  and  surface  workings.  A 
of  pack  mules  packs  up  the  mining  supplies  and  brings  down  tt: 

The  mine  foreman  acts  both  as  mechanic  and  shift  boss, 
sharpening  the  steel  he  spends  his  time  at  the  mine  workings,  w 
eye  and  ear  on  the  compressor.     The  reliability  of  this  type  of  i 
shown  by  the  fact  that  in  over  a  year's  operation  it  has  given  s 
service  with  only  a  few  cup  leathei-s  for  repairs. 

The  dumortierite  is  a  very  slow  drilling  rock  because  of  Its  con 
tion  of  hardness  and  great  toughne.ss.  A  well-tempered  machine 
hit  dulls  in  three  to  five  inches  of  drilling.  It  is  also  a  diflioult  r 
break  with  sledge  hammers. 

Short  tunnels  and  open  cuts  soon  disclosetl  the  fact  that  most  ■ 
large  boulders  were  part  of  an  unconsolidated  surface  overb 
ten  to  twelve  feet  deep,  but  a  few  of  the  boulders  were  still  i 
encased  in  the  schist  foi-mation.  and  one  prospect  tunnel  encoui 
dumortierite  in  place  In  the  schist. 

To  date  the  surface  boulders  have  been  the  main  source  for  tl 
shipments,  which  now  totals  close  to  fifteen  hundred  tons, 
boulders  varied  in  size  from  a  few  pounds  to  a  couple  that  furr 
one  hundred  to  two  hundred  tons  each.  Lately  a  main  open  ei 
been  started,  with  the  idea  of  removing  and  sorting  the  overbi 
and  disclosing  an  area  of  the  mineral-hearing  schist  to  obtain  ar 
if  the  lenticular  masses  of  diimortierite  occur  frequently  enou 
the  schist  to  justify  mining  as  an  opencut  over  a  considerable  arei 

At  the  present  time  the  separation  of  shipping  material  is  deten 
by  the  eolbr  and  its  "heft"  checked  occasionally  by  the -use  of  the 
balance.  By  breaking  with  sletlges  and  cobbing,  any  adhering 
is  discarded  and  a  very  pure  proiiuct  made,  having  an  average 
mum  gravity  of  3.05  compared  with  3.2  to  3.4  for  the  pure  d\ 
tierite.  With  the  shipment  of  this  pure  product  there  will  accun: 
a  much  larger  tonnage  of  second-class  material  in  which  the  di 
tierite  occurs  as  narrow  ribbons  in  schist  or  as  mixed  cr>'st 
masses  of  dumortierite  and  quartz. 

The  possible  ntilization  of  this  material  is  ably  discussed  nnd* 
section  of  this  bulletin  dealing  with  the  ore  dressing  of  durmorti 

The  development  of  this  occurrence  of  dumortierite  at  a  dep 
about  200  feet  below  its  outcrop  is  being  carried  on  in  a  lower  f 
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nt  time  a  high  percentage  of  purity  is  demanc 
ceuTs  or  as  it  is  mined,  is  apt  to  be  eontamiiu 
^tallized  or  mechaaically  held  in  it,  and  the  c 
^ling  with  the  metallui^ical  treatment  points 
purity  is  in  high  class  refractory  work.  At  th 
'  of  these  minerals,  such  as  dumortierit«  for  in 
rcially  by  its  specific  gravity.  The  pure  mine 
,-  of  3.2  to  3.4,  and  carload  shipments  are  re) 
0  3.1  in  gravity.  With  a  more  extended  use 
;3S  exacting  requirements  than  that  of  spark 
le  that  much  more  impure  mineral  may  be 
■orrespondingly  lower  price.  As  a  whole,  dun 
i  minerals  offers,  at  the  least,  a  very  interest 
f  gain  to  the  prospector  searching  for  the  more 
on  metallic  minerals. 
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Tbe  first  problem  in  the  treatment  of  ores  of  Types  3  and  4  ap 
to  be  one  of  so  emshing  the  ore  as  to  liberate  the  dumortierite.  c 
diimortierite  and  andalusite,  from  the  associated  minerals  of  i 
quartz  is  the  most  important.  The  quartz  and  the  dumortierite 
tals  are  so  intergrown  and  some  of  the  dumortierite  occurs  in 
fine  hair-like  crystals  that  it  is  jiractically  impossible  to  crush  th 
fine  enough  to  liberate  all  of  the  dumortierite.  Some  idea  as  to  th« 
ness  of  these  crystals  is  given  by  the  fact  that  whole  networks  of 
will  be  composed  of  crystals  less  than  0,01  m,m.  in  diameter, 
crystals  having  a  diameter  of  only  0.001  mm.  Tyler  Standard  s 
of  300  mesh  have  an  opening  of  0.043  mm.  These  fine  crystals 
produced  two  effects  which  are  of  importance  in  coucentratinj 
ores;  they  tend  to  raise  the  gravity  of  Ihe  qnartz  grains  in  the  en 
prodnct  and  they  also  give  an  apparent  color  to  the  quartz,  bo 
which  complicate  the  operation  of  concentration  to  produce  a 
dumortierite  product. 

Ores  of  Type  3  appear  to  separate  into  the  individual  miii 
on  crushing  very  much  better  than  those  of  Type  4  and  when 
action  results,  a  concentration  of  the  dumortierite  to  a  high  gr 
product  is  easily  done.  In  some  of  the  preliminary  tests  a  coneen 
ruiiiiiug  3.26  lias  been  made  bj-  gravity  concentration  and  it  is 
able  that  even  higher  concentrates  can  be  produced.  A  micros 
examination  of  the  concentrate  so  produced  shows  that  it  coi 
quite  largely  of  crystals  of  dumortierite  free  from  adhering  mim 
In  fact  the  extent  to  which  the  dumortierite,  andalusite,  and  < 
minerals  can  be  physically  separated,  especially  above  200  mesh  in 
will  indicate  in  general  the  extent  to  which  the  material  can'be  8U4 
fully  concentrated.  At  the  present  time  only  a  few  tests  have 
run  on  minus  200  mesh  material.  Fine  material  produced  from  ' 
3  gave  successful  results  but  ore  similar  to  Type  4  give  inconci 
results  on  the  minus  200  mesh  material.  More  tests  are  to  be  m 
this  type  of  material. 

No  definite  data  is  as  yet  available  indicating  what  grad 
concentrate  will  prove  acceptable,  and  concentrates  running  3.( 
prravity  are  now  Iwinp  experimeutcd  with  by  the  Champion  Comj 
If  cimcentrate  of  this  gravity  can  be  used  it  will  make  possibh 
utilization  of  the  low  grade  materia!  which  is  found  at  Lincoln 
near  Rochester. 

Tests  were  run  using  a  high  gravity  pulp  in  an  endeavor  to  sep; 
a  product  running  over  3.03  in  gravity.  Galena  was  used  for 
purpose  because  of  its  high  gravity  and  the  fact  that  we  had  en 
of  the  mineral  for  the  test.  While  it  was  possible  to  make  some  ; 
ration  in  this  way  and  raise  the  product  to  3.05  or  better  in  gra 
it  was  decided  that  other  and  simpler  methods  could  be  used 
equally  gootl  results. 

Flotation  has  been  tried  on  these  ores  but  up  to  the  present 
the  method  is  only  partially  successful  in  raising  the  grade  of  the 
material.  Reagents  tried  have  removed  fairly  clean  quaptz  but 
have  been  found  which  would  remove  a  clean  dumortierite  or,  oi 
other  hand,  remove  both  the  quartz  and  the  material  containing 
quartz  and  part  dumortierite. 
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The  material  as  mined  is  hand  sorted  if  necessary  at  the  m 
then  shipped  to  the  Detroit  plant  of  the  Champion  Porcelain  C< 
Upon  arriving  at  the  plant  it  is  bedded  in  lots  of  2,000  to: 
system  of  parallel  rows,  each  carload  being  laid  out  in  a  k 
parallel  to  and  beside  or  above  the  previous  carload.  In  dra^ 
material  for  use  cuts  are  taken  across  the  ends  ol  the  rows  f 
good  average  lot  of  the  material. 

The  coarse  ore  is  first  crushed  in  a  jaw  crusher  to  about  i 
inch  in  size  and  is  then  crushed  dry  in  a  ball  mill,  using  ehroi 
balls,  to  minus  sixteen  mesh  in  size.  It  then  passes  over  a  n 
separator  to  remove  any  iron  from  the  ball  mill  and  passes  to  s 
ball  mill  where  it  is  ground  with  sillimanite  porcelain  balls, 
mill  is  lined  with  sillimanite  porcelain  liners.  Crushing  is  to 
fineness  that  all  will  pass  a  100  mesh  screen  and  70%  will  p 
mesh.    The  material  is  then  sampled  and  stored. 

In  preparing  the  body  the  ground  dumortierite  is  mixed  with 
andalusite.  kaolin,  and  water  and  the  griding  continued  in  a 
mill  having  a  capacity  of  about  two  tons.  Here  the  grinding 
in  batches,  and  a  charge  will  be  ground  for  about  seventeen 
The  slip  or  ground  body  will  then  pass  a  300  mesh  screen,  Th 
rial  then  passes  to  filter  presses  where  the  excess  water  is  ri 
The  cakes  from  the  presses  are  stored  in  an  aging  cellar  for  te 
This  aging  develops  plasticity  and  gives  time  for  each  batch  o 
rial  to  be  tested. 

From  the  aginfr  cellars  the  material  passes  through  two  i 
mills  before  being  formed  into  the  blanks  from  which  the  spar 
are  made.  After  thorough  drying  the  blanks  are  turned  di 
special  lathes  and  }:iven  their  final  form.  The  tolerance  allowei 
three-thousandlh  of  an  inch.  The  cores  are  then  glazed  and  ar 
for  burning. 

The  cores  are  burned  in  a  continuous  kiln  300  feet  long,  at 
perature  of  2700  degrees  Fahrenheit.  It  takes  four  days  for  tl 
to  pass  through  the  kiln. 

The  cores  are  next  stamped  with  the  trade  mark  "Champ 
"Champion  X"  and  then  passed  through  an  electrically  heated 
to  fix  the  .stamping,  by  burning  the  name  into  the  glaze. 

The  cores  are  now  ready  to  have  the  metal  parts  attached. 
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All  of  these  items  can  be  taken  up  and  cheeked  in  detail,  and  the  wr 
will  be  very  glad  to  furnish  detailed  information  upon  inquiry. 

There  is  a  report  printed  as  Senate  Document  No.  186,  giving 
details  of  the  development  of  the  Lower  Colorado  River,  includ 
power  costs  and  full  construction  details  of  the  Boulder  Dam  proj 
This  report  can  be  secured  from  auy  Senator,  Congressman,  or  fi 
the  Bureau  of  Reclamation,  Washiugton,  D.  C,  direct. 

The  State  of  Nevada  has  requested  permission  of  the  Secretary 
the  Interior  for  an  allotment  of  one-third  of  the  power  developed 
the  Boulder  Dam  project,  and  while  the  final  allocation  has  not  b 
made,  we  have  every  reason  to  expect  that  a  liberal  allocation  of  1 
power  will  be  made  to  Nevada  at  cost  at  the  switchboard.  In  I 
cnunectinn  it  will  be  arranged  so  any  company  desiring  to  secur 
block  of  power  for  any  purpose  may  be  accommodatetl  without  un( 
delay, 

COST  TABI£  NO.  2  — STRAIQHT  I.INX:  BASIS 
Taken  from  Senate  Document  No.  186 


At  gnltcbboi 

rt- 

At  power  market 

(12  per  cent 
line  loawB) 

i.ns 

I.UO 

To  Bt>t«e  of 

Ariioni  anil 

N'eTida 

[or.peclallund 

f" 

'    Co.tt*rho 

1.100 

t.3K 

tui.Mn 

u'n 

The  above  table  of  costs,  taken  from  Senate  Document  No,  186,  sh( 
that  1.99  mills  at  the  switchboard  will  just  return  the  Govermni 
investment  with  interest,  and  shows  the  effect  on  the  reserve  fund 
prices  up  to  2.2  mills  per  kilowatt  hour  at  the  switchboard. 


\L   RESOURCES   OF   SOUTHERN   NEVADA 

BPKNTER,  Profrssor  of  Mining,  ilacknii  School  of  Mines. 


se  of  this  survey,  the  term  southern  Nevada  is  use< 
rosimately  that  part  of  Nevada  south  of  the  Moun 
which  in  its  east-west  course,  just  south  of  the  38tl 
asses  close  to  Ooldficld  and  Pioche.  This  term  is  ii 
itral  Nevada  and  northern  Nevada,  and  besides  appl}' 
eographieal  division  of  the  State,  it  covers  closely  tha 
ilroad  communication  is  tn  the  south  and  whose  min 
ill  be  most  vitally  affected  by  the  Boulder  Canyoi 

esources  of  this  section  of  the  State  have  been  excel 
by  Mr.  F,  C.  Lincoln  in  his  comprehensive  booh 
-s  and  Mineral  Hesources  of  Nevada."     This  book  i 

being  published  in  1923.  Each  mining  district  i 
tely  and  completely;  giving  its  location,  history  am 
g  with  the  geology,  the  types  of  ores  and  ore  bodies 

prominent  mines  and  mining  companies  are  men 
■ery   detailed  bibliography   is   given   to  aid  furthe 

f  this  description  then  is  not  to  go  into  similar  detail 

plement  snch  detail  by  serving  as  an  up-to-date  quick 

iry  of  these  resources,  with  special  emphasis  upoi 

lization  when  the  Boulder  Canyon  project  offers  low 

;  in  their  development  and  processing. 

ly  lines  of  industry,  attracted  by  the  magnet  of  chea] 

mediate  vicinity  of  the  power  plants  of  the"  Boulde 

will  wish  to  investigate  the  possibilities  there  for  thei 

;ry. 

it  questions  arisinf;  will  be  that  of  whether  or  not  th 

iessary  for  their  particular  industry  can  be  obtainei 

this  siunmary  is  to  give  this  information  caneernin 
uTGcs  of  southern  Nevada  in  a  condensed  form  tha 
nd  quickly  consulted  by  interested  capital  withou 
■d  in  technical  terms  or  detailed  descriptions. 
)8e  of  equal  importance  is  to  indicate  to  the  prospectoi 
,  and  the  mining  engineer  the  mineral  resources  an< 
that  are  apt  to  be  the  most  groatlj-  benefited  by  th 
:i  power,  and  conversely  to  indicate  those  mineral 
in  large  enough  and  pure  enough  deposits,  would  mos 
aving  at  hand  a  cheap  source  of  power, 
he  information  for  this  condensed  economic  summar 
sources  of  southern  Nevada,  a  detailed  inspection  tri 
ry  was  made,  much  information  was  I'eceived  froi 
iers  and  prosi)eetorB,  and  many  samples  taken  for  th 
tf  Mines  Museum  and  for  analyses, 
md  thought  also  has  been  given  to  determining  i 
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TO  GEORGE   W.   MALONE   Re   CHEMICAL 
INDUSTRIES   AT   BOULDER   DAM 


Reno,  Nevada,  September  25,  1929, 
V.  Malone,  State  Engineer,  Carson  City,  Nevada. 
Ialone:     In  compliance  with  your  requetit  following;  our 

chemical  industries  that  might  reasonably  be  expected 
ed  in  power  developed  from  the  Boulder  Dam  project, 

to  mention  two  in  particular,  viz,  first  the  fixation  of 
itrogen  through  oxidation  of  ammonia  obtained  by  direct 
)gen  and  hydrogen,  and,  second,  the  reduction  of  certain 

and  expense  connected  with  the  transportation  of  large 
high  explosives  from  eastern  factories  to  the  Hawthorne 
idoubtedly  prompt  investigations  into  the  possibility  of 
ire  of  certain  of  them,  at  least,  in  the  west.  Since  nitric 
sic  substance  used  in  their  preparation,  the  location  of  a 
t  easily  be  determined  by  the  possibility  of  obtaining 
acid.  There  appears  to  be  no  doubt  that  its  synthesis 
a  obtained  by  the  fixation  of  atmospheric  nitn^en  usii^ 
inciple  of  direct  union  of  hydrogen  and  nitrogen,  will 
eading  method  of  manufacture.  According  to  recent 
in  Industrial  Engineering  Chemistry  19,  789-794  (1927) 
r  be  obtained  more  cheaply  in  this  way  than  from  Chili 
ie  raw  materialH  used  consist  of  nitrogen,  oxygen  and 
le  first  two  are  best  obtained  from  the  atmosphere.  While 
f  be  obtained  by  several  different  methods,  it  is  claimed 

with  reasonably  cheap  electric  power  it  can  be  produced 
by  the  electrolysis  of  water.     If  this  be  true,  it  should 

manufaoture  such  explosives  as  T.  N.  T.  and  nitrocelu- 
&  many  of  the  war  gases,  by  utilization  of  electric  power 
Boulder  Dam. 

leposits  of  nearly  pure  sodium  chloride  (halite)  found  in 
ada  would  permit  of  a  further  decrease  in  the  cost  of  the 
electrolysis  of  its  solution  rather  than  of  water,  since  two 
iroducts,  sodium  hydroxide  and  chlorine,  arc  obtained. 

use  of  sodium  hydroxide  in  the  refining  of  petroleum  and 

with  the  fruit  industry  of  California  should  provide  a 
.  and  since  the  chlorine  industry  is  developing  along  the 
ixluction  by  this  process,  it  is  evident  that  a  sufficient 
:  chlorine  would  insure  the  practicability  of  the  produc- 
)gen  by  the  electrolytic  process.  In  view  of  the  wide 
iB  chlorine  has,  and  the  fact  that  it  forms  an  important 
e  manufacture  of  war  gases  in  addition  to  the  possibilities 
e  metallurgical  industry,  makes  it  very  unlikely  that  its 
juld  be  difficult.  The  conditions,  therefore,  appear  to  be 
e  for  the  manufacture  of  many  of  the  explosives  handled 
orne  storage  plant  by  use  of  electric  power  developed  at 
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The  results  of  the  previous  work  may  perhaps  be  very  brie 
summarized  as  follows :  The  district  is  underlain  by  a  series 
volcanic  rocks,  which  are  considered  by  Spurr  to  be  in  large  p; 
intrusive  aills  and  by  Burgess  and  Locke  to  be  entirely  of  surfic 
accumulation.  All  these  observers  imply  that  these  formatic 
are  relatively  flat-lying  and  that  their  essentially  horizontal  c< 
tinuity  is  disturbed  only  by  faulting,  the  cause  of  which  is  att 
buted  by  Spun-  to  volcanic  activity  and  is  considered  by  Burg< 
to  be  in  part  a  reflection  of  the  irregularities  in  original  distril 
tion  of  the  formations,  Spurr  postulates  a  number  of  differ* 
periods  of  ore  formation,  a  view  which  is  directly  challenged 
Locke,  indirectly  questioned  by  Burgess,  and  not  supported 
the  work  of  Baatin  and  Laney. 

Spurr,  Burgess,  and  Locke  all  appear  to  agree  in  the  fact  tl 
the  "Midway  andesite"  is  later  than  the  period  of  ore  format! 
and  acts  as  a  capping  to  the  ore. 

SUMMABT  STATEMENT   OF  BESDI.T8   OF    PRESENT    DfVEBTiaATI 

During  the  15  years  or  more  that  has  intervened  since  the  li 
work  by  Spurr,  Burgess,  and  Locke  there  has  been  a  considera 
amount  of  development  work  done  in  the  western  half  of  the  d 
trict,  which  has  reaclCed  to  much  greater  depths  than  in  the  old 
central  portion.  This  new  work  has  disclosed  a  number  of  f 
tures  of  the  geology  that  are  not  readily  apparent  elsewhere,  a 
as  a  result,  the  writer's  conception  of  the  geologic  setting  at  Toi 
pah  is  in  part  rather  widely  at  variance  with  the  views  expresi 
by  earlier  writers.  The  points  of  difference  may  be  divided  ii 
three  groups — those  relating  to  the  stratigraphy,  the  atructu 
and  the  ore  deposits. 

The  sequence  of  formations  in  the  western  part  of  the  d 
trict  is  as  follows:  The  oldest  unit  is  that  called  by  Burff 
the  "Lower  rhyolite"  and  by  Spurr,  in  his  1915  paper,  the  Toi 
pah  rhyolite ;  for  this  unit  the  writer  proposes  the  name  Tonoi 
formation.  It  consists  of  interbedded  rhyolitic  flows,  tuffs,  br 
cias,  and  well-laminated  sUt  composed  largely  of  volcanic  ma 
rial,  and  is  locally  cut 'by  dikes  and  small  intrusive  masses 
similar  composition.  Interbedded  with  the  Tonopah  format: 
at  two  or  more  horizons  are  dark  lavas,  for  the  most  part  kera 
phyric,  which  are  identical  with  rocks  mapped  by  Spurr  as  < 
Sandgrass  or  "calcite"  andesite^  Similar  rock  exposed  in  i 
lower  portions  of  Sand  Grass  and  Extension  No.  1  shafts  n 
perhaps  be  an  intrusive  plug  into  the  Tonopah  formation.  1 
next  younger  formation  is  the  Mizpah  trachyte,  which  might 
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several  in  number,  and  their  relative  importance  is  not  knov 
The  writer's  present  view  is  that  at  least  three  factors  must  hs 
been  operative  during  the  formation  of  ore  in  any  of  the  fr 
tures  above  mentioned — (1)  the  fracture  must  have  been  situal 
above  a  certain  isotherm  (line  of  equal  temperature)  existing 
the  time  of  ore  deposition;  (2)  it  must  have  been  open  to  t 
passage  of  solutions  at  that  time ;  and  <3)  the  wall  rocks  of  1 
fracture  must  have  been  permeable  to  the  solutions.  Spec: 
applications  of  these  factors  are  discussed  on  a  later  page.  1 
presence  of  quartz  appears  to  have  little  or  no  bearing  upon  1 
localization  of  ore,  and  the  writer  believes  that  the  bulk  of  the  i 
ver  is  of  distinctly  later  introduction. 

In  addition  to  the  ore  deposits  in  fractures  related  to  the  ma. 
fault,  ore  has  been  found  in  three  faults  of  later  age.  In  each 
these  three,  however,  the  strike  of  the  productive  part  is  cli 
to  the  general  strike  of  the  other  productive  fissures — nearly  ea 
west. 

THE  FORMATIONS 

Tonopah  formation — ^The  name  Tonopah  formation  is  propo! 
for  what  has  been  previously  called  the  "Lower  rhyolite."'  1 
formation  has  also  been  called  the  "Tonopah  rhyolite"  or  "Toi 
pah  rhyolite-dacite"^  and  correlated  with  rhyolite  exposed  on  1 
surface  north  of  the  mining  district.  These  exposures  have  i 
yet  been  studlaj  by  the  writer,  but  from  the  descriptions  of  th 
lithology  and  relations  they  do  not  appear  to  be  in  any  way  relal 
to  the  beds  here  discussed.  The  formation  as  here  defined  inclui 
rocks  that  have  been  mapped  previously  as  "Glassy  trachyte"  e 
"Montana  breccia,"  but  it  does  not  include  all  the  exposures  tl 
have  been  so  assigned  by  Spurr,  Burgess,  and  others. 

The  best  exposures  of  the  formation  are  found  in  the  weste 
ivorkings  of  the  Tonopah  Extension  mine,  notably  on  the  1,2< 
foot,  1,540-foot,  and  1,880-foot  levels.  Less  extensive  but  equa 
significant  exposures  are  present  in  the  1,050-foot  level  from  1 
Extension  No.  1  shaft,  the  1,000-foot  and  1,140-foot  levels  of  1 
Sand  Grass,  the  700-foot  level  of  the  Mizpah,  and  the  800-fi 
and  960-foot  levels  of  the  West  End.  The  formation  may  a 
be  seen  in  many  of  the  workings  of  all  the  other  mines  studi 
but  in  these  extensive  alteration  has  generally  served  to  mask 
true  nature. 

'BurgeBB,  J.  A.,  Tbe  geology  or  the  producing  part  of  the  Tonopah  nili 
illstrfct :   Eran.  Geology,  vol.  4.  p.  **7.  liXW. 

'Spurr,  J.  E.,  Geology  of  the  Tonopah  mining  dietrlet.  Nevada ;  U,  S.  G 
Snrvey  Prof.  Paper  42,  p.  41,  1905 ;  Ore  Oepoattion  at  Tonopah.  Nevada :  Ei 
Geology,  vol.  10,  p.  74B.  lOiS. 
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i£r,  narrow  wedge  in  the  footwall  of  the  West  End  vein  on  tl 
O-foot  level  of  the  West  End  mine.  In  addition  to  these  l&rg 
atures,  the  details  to  be  observed  at  individual  contacts  exposi 
the  mine  workings  can  be  explained  only  by  considering  th; 
e  West  End  rhyolite  is  an  intrusive  mass. 
The  rock  most  characteristic  of  the  formation  has  a  deni 
eenish  matrix  in  which  are  set  abundant  angular  fragments  < 
lite  chalky  rock.  The  number  and  size  of  the  fragments  vai 
eatly.  Normally  they  form  about  a  third  of  the  rock  and  ha' 
average  diameter  between  a  quarter  and  half  an  inch.  Locall 
rticularly  toward  the  east,  they  are  tiny  and  in  places  almo 
mpletely  lacking.  Near  contacts,  on  the  other  hand,  the  ro< 
many  places  is  a  coarse  breccia,  with  inclusions  as  much  i 
foot  in  diameter,  representing  rocks  of  all  the  older  formation 
rticularly  those  of  the  Tonopah  formation.  In  the  MacNama] 
ne,  on  the  400-foot  level,  similar  coarse  breccias  may  also  1 
served  as  bands  within  the  formation.  Wherever  these  vari. 
ins  in  the  number  and  size  of  inclusions  are  found  in  contac 
was  observed  that  there  is  no  sharp  contact  between  the  tv 
ases,  but  rather  a  gradual  blending  over  a  distance  of  sever 
;t.  At  the  contacts  of  the  formation  the  matrix  shows  chillii 
enomena  and  is  darker  in  color  and  glassy  in  appearance, 
int  flow  banding  may  be  observed  in  several  places,  not  on: 
ar  contacts  but  within  the  mass  of  the  formation. 
Mr.  Campbell  writes  as  follows  concerning  the  microscop 
itures  of  the  formation: 

[n  thin  section  the  rock  is  seen  to  be  a  very  fine-grained  but  general 
locrystalline  rhyolite.  Sparse  phenocrysts  of  quartz,  albite.  ar 
,hoclase  are  fownd  in  a  matrix  of  feldspar  (probably  orthoclase)  ar 
artz  (much  of  which  may  be  secondary). 

The  white  inclusions  so  prominent  in  hand  specimens  are  disti 
ishable  with  difficulty  under  the  microscope.  The  "Glassy  trachyte 
[I  associated  rocks  appear  to  have  furnished  the  material  for  tl 
elusions,  because  textures  seen  in  a  few  of  the  sections  are  entire 
lilar  to  those  characteristic  of  parts  of  the  Tonopah  formation, 
rbe  alteration  of  the  rock  was  chiefly  sericitization,  with  an  indete 
oable  amount  of  silicification.  Pyrite  is  widespread  and  abundai 
this  formation,  and  many  of  the  pyrite  cubes  are  bordered  by  quar 
serieita  Quartz  veinlets  in  the  rock  are  of  widespread  oceurrene 
i  in  many  of  these  adularia  is  a  rather  abundant  accessory.  Serici 
!urs  in  such  veinlets  more  rarely. 

The  maximum  thickness  of  the  formation  appears  to  be  exposf 
the  West  End  Extension  and  Tonopah  76  workings,  whei 
B  main  intrusion  appears  to  be  at  least  600  feet  thick.    On  tl 
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is  lighter  colored  and  has  a  lower  ratio  of  fragments 
rix.    Of  this  portion  Mr.  Campbell  writes: 

le  matrix  is  light  colored,  exceedingly  fine-grained,  and  under  1 
Dscope  appears  holoerystalline  to  hypocry stall ine.  Fluidal  texti 
)een  observed.  The  aggregate  index  is  lower  than  Canada  balsj 
higher  than  gamma  of  sanidine.  Phenocryats  o£  quartz  and  sa 
are  abundant,  and  there  are  a  few  of  albite  and  biotite.  The  sa 
is  generally  much  altered  to  calcite,  the  albite  somewhat  altered 
ite,  the  biotite  also  to  sericite.  There  has  been  some  silicificati 
ighout  the  rock  and  heavy  kaolinization  locally.  Pyrite,  par 
ed  to  limonite,  occurs  sparingly. 

ily  a  small  part  of  the  formation  is  exposed  in  the  und< 
nd  workings  so  far  examined,  and  the  determination  of  t 
;  thickness  must  wait  until  the  surface  exposures  have  be 
uately  studied. 

le  Fraction  breccia  is  considered  by  Ferguson  to  be  the  bai 
iber  of  the  Esmeralda  ("Siebert")  formation^  and  Is  thei 
of  upper  Miocene  age. 

lyolite  dikes — Dikes  of  rhyolite  were  observed  in  two  of  t 
!S  examined.  On  the  1,680-foot,  1,760-foot,  and  1,880-fc 
s  of  the  Tonopah  Extension  mine  in  the  vicinity  of  the  Ca 
shaft,  there  is  a  thin  dike  which  in  one  place  at  least  ex 
ily  across  the  veins.  Larger  masses  of  similar  lithology  a 
sed  on  the  800-foot  level  of  the  West  End  and  West  E: 
insion  mines,  cutting  both  the  Fraction  breccia  and  the  old 
lations. 

both  occurrences  the  rock  is  a  light-colored,  rather  fir 
led  rock  with  abundant  quartz  phenocrysts.  Mr.  Campb 
examined  these  rocks  under  the  microscope  and  reports 
ws: 

thin  section  the  quartz  phenoerysts  stand  out  prominently,  Th 
enerally  rounded  but  locally  are  embayed  as  a  result  of  resorpti( 
ilightly  fractured,  and  are  rather  free  from  inclusions.  Phei 
s  of  sanidine  are  common,  and  in  one  specimen  these  show  part 
Btion  to  calcite.  More  rarely  albite  occurs.  An  occasional  sm. 
of  biotite,  now  altered  to  sericite,  was  noted.  The  groundmass  h 
much  silicified,  as  is  well  shown  in  one  specimen  where  the  si 
ry  silicification  has  produced  "enlargements"  of  quartz  phet 
8,  similar  to  the  well-known  quartz  enlargement  that  occ 
ally  in  quartzites.  If  we  discount  this  alteration  it  seems  like 
this  groundmass  was  holoerystalline  and  composed  of  quartz  ai 
lelase.  There  has  been  in  places  a  slight  sericitization,  and  local 
.  patches  of  calcite  occur.    Some  pyrite  was  also  noted. 
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a  northward-plunging  anticline.  On  the  630-foot  level  of  the  M 
way  mine  in  the  vicinity  of  the  old  shaft  there  is  apparent!} 
moderate  amount  of  minor  folding  on  or  near  the  crest  of  t 
anticline,  to  judge  from  the  divergent  dips  observed  there  a 
also  from  the  irregularity  of  the  contact  between  the  Tonop 
formation  and  the  Sandgrass  andesite. 

Faulting  appears  to  have  been  much  more  effective  in  t 
premineral  deformation  of  the  district  than  folding.  It  clea 
occurred  at  several  stages,  to  judge  from  the  relations  of  t 
faults  to  one  another,  buj:  practically  all  of  the  faulting  mi 
have  occurred  during  the  interval  between  the  intrusion  of  t 
West  End  rhyolite  and  the  deposition  of  the  Fraction  brecc 
The  only  earlier  fault  that  could  be  distinguished  is  the  neai 
east-west  fault  that  localized  the  intrusive  mass  of  Extensi 
breccia. 

The  first  major  fault  formed  after  the  intrusion  of  the  Wi 
End  rhyolite  was  a  unique  compound  fault,  here  termed  t 
Tonopah  fault,  whose  appearance  in  cross  section  approach 
that  of  a  recumbent  crescent,  convex  upward,  and  whose  cri 
trends  nearly  east  and  plunges  to  the  east.  (See  fig.  1.)  T 
fault  is  economically  the  most  important  single  structural  f< 
ture  in  the  district,  for  it  not  only  has  played  a  dominant  pi 
in  determining  the  present  distribution  of  the  formations  fc 
has  been  the  chief  factor  in  the  localization  of  the  ore  bodi' 
in  that,  together  with  its  subsidiary  fractures,  it  has  provid 
the  courses  along  which  mineralization  took  place.  Ore  bod: 
along  different  parts  of  the  fault  have  received  different  nam' 
some  of  which  are  shown  on  the  figure. 

Figure  1  shows  the  extent  to  which  the  fault  has  been  expos 
by  mine  workings — for  considerably  more  than  1,400  feet  ver 
cally  on  its  north  limb  and  for  nearly  700  feet  vertically  on 
south  limb.  The  junction  of  the  lower  branch  with  the  upi 
branch  on  the  north  is  well  exposed  on  the  500-foot  level  of  t 
Tonopah  Extension  mine.  This  locality  is  not  shown  on  Plate 
The  diagram,  however,  does  show  the  junction  in  cross  secti 
between  the  600-foot  and  660-foot  levels  of  the  Tonopah  Ext< 
sion  mine,  about  500  feet  southwest  of  the  Sand  Grass  sha 
The  upper  branch  is  apparently  unmineralized  at  this  point,  T 
jomparable  junction  to  the  south  has  not  yet  been  found,  b 
the  dips  of  the  two  branches  indicate  that  it  very  probably  exis 
The  crests  of  these  two  "anticlinal"  branches  both  plunge  to  t 
east  at  low  angles,  ranging  from  5"  to  20°.  The  present  rath 
inadequate  exposures  of  the  crest  of  the  lower  branch  suggef 
that  it  plunges  at  a  lower  angle  than  the  upper. 
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30  UNDERGROUND  GEOLOGY  TONOPAH  MINING  DISTRICT 

for  it  appears  to  offset  minor  faults  of  similar  strike  to  thi 
that  have  been  placed  in  the  fourth  ^oup. 

The  faults  of  the  fourth  ^roup  strike  northeast  to  es 
northeast  and  dip  at  different  angles  to  the  southeast.  1 
most  interesting  fault  of  this  group  is  one  that  has  been  cal 
the  MacNamara  fault  in  the  mine  of  that  name.  This  fault 
well  exposed  in  the  upper  levels  of  the  MacNamara  and  W 
End  mines,  where  it  displaces  the  upper  branch  of  the  Tonoj 
fault  and  may  be  correlated  with  a  fair  degree  of  certainty  w 
a  fault  of  similar  strike  and  dip  that  cuts  the  Ohio  vein  on  i 
700-foot  level  of  the  MacNamara  and  800-foot  level  of  the  W 
End.  On  the  latter  level  the  fault  is  clearly  later  than  the  Ext 
sion.  Rainbow,  and  Monarch-Pittsburg  faults.  In  this  region  i 
vertical  displacement  along  the  fault  ranges  from  more  than  * 
feet  on  the  western  portion  of  the  800-foot  level  of  the  Ohio 
less  than  50  feet  where  it  cuts  the  Tonopah  fault  on  the  500-f 
level  of  the  Tonopah  Mining  Co.  East  of  the  latter  point,  h( 
ever,  the  character  of  the  fault  appears  to  change  complet 
near  the  hanging  wall  of  the  older  Tonopah  fault.  The  ( 
decreases  notably,  and  the  fault  takes  on  a  rolling  habit  wh 
appears  to  be  partly  controlled  by  the  low  eastward  pitch  of  1 
nose  of  the  Tonopah  fault.  This  is  well  _  exhibited  on  the  m 
westerly  workings  of  the  600-foot  level  from  the  Mizpah  sh 
and  on  the  530-foot  level  of  the  Midway.  The  displacement  ale 
this  rolling  portion  of  the  fault  is  considerably  greater  than  t1 
shown  by  the  offsetting  of  the  Tonopah  fault  to  the  west.  T 
feature  appears  to  be  most  readily  explained  by  considering  t1 
the  excess  movement  along  this  portion  of  the  MacNami 
fault  is  represented  elsewhere  by  renewed  movement  along  I 
upper  branch  of  the  Tonopah  fault,  which  roughly  correspoi 
to  it  in  strike  and  dip. 

The  fact  that  the  MacNamara  fault  resumes  its  normal  ch 
acter  upward  away  from  the  Tonopah  fault  is  shown  by  1 
workings  north  of  the  shaft  on  the  500-foot  level  of  the  I 
Plume  mine. 

Another  major  fault  in  this  group  is  the  Sand  Grass  fai 
which  is  well  exposed  only  on  the  600-foot  level  of  the  Ss 
Grass  mine,  where  it  cuts  the  shaft,  and  on  the  660-foot  le 
of  the  Tonopah  Extension  mine.  It  is  thought  that  exposures 
faults  with  similar  strike  and  dip  on  the  1,050-foot  and  770-fi 
levels  from  the  Extension  No.  1  shaft  and  the  1,000-foot  level 
the  Ohio  represent  the  same  fault;   and  others  on  the  600-fi 
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14  Ore  Deposits  at  Cave  VcUley 

northeastward  beneath  the  ridfre  for  2,300  feet  and  to  hav 
maximum  width  of  about  600  feet.  Its  floor  is  nearly  horizon 
and  its  ceiling  in  general  stands  six  feet  or  more  above  the  fl( 

A  possible  economic  feature  of  the  cave  is  a  clay  deposit  t 
forms  the  floor  for  a  distance  of  at  least  1,500  feet  from 
portal  and  perhaps  for  the  full  length.  This  deposit  has  a  m: 
mum  thickness  of  40  feet  or  more.  The  clay  has  recently  b 
explored  by  the  present  owners  to  a  depth  of  ten  feet  with 
reaching  bottom,  and  a  prospect  shaft  is  said  to  have  been  si 
by  Mr.  Robinson  to  a  depth  of  40  feet  without  reaching  bott 
Mr.  Robinson  reported  that  he  found  silver  in  the  clay  in  1 
shaft  but  not  enough  to  encourage  further  prospecting.  The  ( 
so  far  as  seen  by  the  present  writer  is  stained  a  decided  red 
iron  oxide,  but  it  is  said  to  become  yellowish  in  the  deeper  p 
of  the  cave. 

The  clay  is  slightly  streaked  or  laminated.  It  is  very  hoi 
geneous,  free  from  grit  of  any  kind,  and  smooth  or  talcose  to 
feel.  A  partial  analysis  made  for  the  owners  by  Crismor 
Nichols  indicated  27.8  per  cent  aluminum  oxide,  0.4  ounces  sil 
to  the  ton,  small  quantities  of  iron,  phosphorus,  lime,  magnesii 
and  silica,  and  traces  of  gold,  copper,  arsenic,  antimony,  and  va 
dium.  It  also  showed  0.251  per  cent  of  uranium  oxide,  but  a  sp 
men  of  the  clay  collected  by  the  writer  from  a  pit  8  feet  deep  ; 
600  feet  in  from  the  portal  of  the  cave  showed  no  trace  of  rai 
activity  in  the  radiograph  test. 

The  deposit  is  estimated  to  contain  about  200,000  cubic  ya 
of  clay,  but  the  red  color  of  its  upper  part  and  the  yellow  eoloi 
the  remainder  imply  that  the  iron  content  is  too  high  to  ad 
the  clay  for  high-grade  uses,  and  costs  of  transportation  to  c 
ters  of  consumption  afford  no  hope  for  its  development  at  presi 

STBEATOR  OBOUP 

The  Streator  group,  which  is  also  owned  by  the  Great  West 
Mining  &  Development  Co.,  is  situated  in  the  foothills  about  th 
miles  northwest  of  Cave  Valley,  at  an  elevation  of  about  7, 
feet,  and  is  easy  of  access.  The  hills  here  support  a  moder 
growth  of  cedar,  juniper,  and  pinon. 

The  property  comprises  a  group  of  five  claims  known  as 
Consolidated  group.  (See  Figure  5.)  It  is  reported  to  have  i 
duced  some  high-grade  shipping  ore  at  a  relatively  early  d 
About  90  tons  of  mill  ore  lay  on  the  mine  dump  at  the  time 
visit.  Considerable  work  is  said  to  have  been  done  in  1929,  ; 
some  in  shallow  openings  was  done  as  late  as  June,  1930. 
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On  Deposits  at  Care  VaUey 


soiugers  and  irregular  spots  of  fine-grained  galei 
black  nunenJ. 

Th«  principal  dqtosit  is  the  rqdaced  timestone 
by  a  cross  fissure  at  the  60-foot  shaft.  Hoe  goc 
in  the  cross  fissure.  c^Kned  to  depths  of  ten  feet 
northw«:t  or  f  ootwall  side  of  the  <He  bed.  In  tin 
the  vorkings  the  we  body  is  exposed  f «-  a  wid 
It  parallels  the  limestooe  in  strike  but  dips  mo 
may  pass  into  the  undertying  shale  in  depth, 
tinoatioas  of  the  same  we  looe  are  opated  hy 
at  paints  about  100  feet  northeast  and  350  fee 
the  mine,  and  both  openings  are  eneouiaging.  ' 
sone  c$  mostly  stained  brovn  and  show?  kss  galei 
per  stain  than  the  ore  along  fissures,  but  this  dif 
dae  to  a  grcalor  degree  of  oxidation  along  the  r^ 
(iep«i$ib$  cvAKtrn^  ai«  behevvd  to  contain  a  fi 


Vp  IB  she  ivtge  east  <^  Care  VaDey.  fast  belov 
caOed  the  "hcne^*  jK>hB  C  Clark  aad  Pianos  Ric 
ofcsg  t«n>  quarts  <rvi&?  on  the  Eagie  Rock  groopL 
£s  silxiftA^  ^»«>:>,>oe  and  are  sa»i  t^^  CHitaia  toi 
sfstys  $>  Ti.'>  ihe  tv.'C  i=  gvwj  asd  *appteciabte~  an 
Tw.»  s?*.-i»«ss.  wiejy  ^vuec:ieii  ftvc:  tbe  teins  foi 
X-  Ciirk.  »>=*  ,';  tberi.  sail  :o  be  iivc:  the  Ea 
o,"ctiins  ».'*  tuT^f^^f^-  I*  iVCSKSK  chiefly  of  T«n  t 
A.VTie**yi3  bo^■v■l»^ns  tai  Aiciaiss  ivrvg^iiir  spoG 
•T  >iifc,-i2?ii  cwiKTe  »-.;^  disa«v.ira:fti  sfwcks  of  i 

.T  j«s?  »iti  <\ifcrrj  s;ri7,;p«^     Assxatai  with 

»  ji'^V-w^si  iftfci-4r-:L~:,'o-  r-^Twnl  jcStwriy  bcac 


f.  T   -tr.  El 


£i«)eKc 


■ ,— : :     "re,  -    ■  «s:r  -wl     It  < 

■{  -  ■■-"    -.:  »:.:-.-7i.— .:■:«.  a  bi 


.-rvi  -^t  i 


v.N^irsr'"  =-"•■•"-«. 
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^posits  Gold  Circle  Mining  District 

joda-lime  feldspar,  pyroxene,  and  olivine. 
Microscopic  determination  showed  the  or 
ic  andesine,  augite,  olivine,  magnetite,  ap 
The  olivine  is  almost  completely  alter 
igorite,  with  associated  calcite  and  iron  i 
re  is  well  developed  about  the  olivine.  Pi 
small,  variable  axial  angle,  was  noted  i 
'  the  mineral  in  this  specimen  measures 

tlack,  hypocrystalline,  medium-grained  po 
enocrysts  of  labradorite,  augite,  and  olivi 
;ry  small  laths  of  feldspar,  grains  of  augit 
lish  glass,  with  such  alternation  produc 
id  iron  oxide.    The  olivine  is  largely  altei 

sic  rocks  are  intensely  altered  to  a  whi 
:k,  with  few  partly  preserved  mineral  par 
:ope  this  rock  is  seen  to  consist  of  serpe 
irphous  silica,  probably  some  kaolin,  a  few 
an  occasional  partly  altered  feldspar.  A 
rtion  of  the  femic  minerals  has  been  altere 
uents  removed.  Phases  of  more  extreme 
ntain  chiefly  amorphous  silica,  serpentint 
loft,  friable,  and  of  low  specific  gravity, 
ugh  gradations  into  the  relatively  fresh, 

ITDESITE  BHTOIilTE  FLOWS  AKD  TUFF 

te  rocks  consist  chiefly  of  rhyolite  flowi 
ese  were  examined  microscopically.  A  t; 
)w  rocks  contained  phenocrysts  of  acid 
le.  Some  quartz  occurs  in  the  devitrifled  { 
iome  specimens  examined  microscopicall 
iter  of  the  rock  was  that  of  a  trachyte  t 
:  is  sometimes  impossible  to  determine  v/i 
1  post-andesite  or  pre-andesite  flows.    Th 

detailed  mapping  of  the  formations  and  ; 

number  of  specimens, 
otably  in  character.    Some  are  white,  difl 
vs  in  general  appearance,  but  showing  s 
feldspar  in  a  pasty  matrix  of  minute  m 
fits.     Devitrification  of  the  glass  is  con 

composed  of  poorly  consolidated,  soft,  ^ 
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Mining  District 

es,  and  sheeted  zones, 
long  the  fractured  con 
vein  material  is  princi[ 
a-ally  rhyolite,  with  ra 
:turinK  has  occurred  rep 
naterial,  as  well  as  the 
ng  and  brecciation,  foUo 
t  the  district,  fissure  fitl 
■  smaller  veins,  a  few  ini 
e  other  hand,  the  shatti 
ise  along  andesite  -  rhyi 
ten  ten  to  fifteen  fee' 
Iwenty-five  feet  wide  ( 
i  is  generally  higher  in 
their  small  size,  comm< 
akes  them  difficult  to  n- 
ger  ore  deposits  of  mil 
1  traced  along  their  str 
3,500  feet. 

SHOOTS 

fissures  or  zones  of  brec 
]  of  mineralization.  T] 
s,  their  physical  charact 
lin  such  veins  there  are 
ted  physically  or  chemic 
he  ore  shoots  will  be  cor 

-Jackson  vein,  which  oc( 
in  the  southern  portioi 
the  Jackson  claim  and 
north  portion  of  the  Gi 
claim,  is  an  example  o1 
ore  shoot  formed  at 
intersection  of  a  vein  i 
afault(Fig.2).  The  Gr 
Jackson  vein  intersec 
strong  pre  -  mineral  fi 
about  ninety  feet  inside 
north  end  line  of  the  Gi 
claim,  and  here  the  m. 
ore  shoot  occurs.    This 

ned  upward  at  a  fiat  ai 
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^-^tiwrvag  near  the  footwall,  helped  keep  a  channd 
*  \~ajjaxctf  solutions  to  enter  the  vein  and  cement  the  r 
*'*1^  pj*ether;  for  later  solutions  to  replace  earlier  i 
'"  .^tikl.  »"^  finally  for  the  metallizing  solutions  to  depi 
i'*"*    J-  jpjUakXid  silver. 

^-*i«*    Si'^"*  I-i^k  vein  is  a  typical  fissure  fillinif  ] 

'  '       jfc  *iB«le  fissure,  and  again  in  a  sheeted  zone  in 

'^*^  jr  ^  *^*  lamprophyric  dike  which  courses  with 

'*^^,gTt«r  distance.    The  ore  shoots  do  not  show  any  i» 

'    V^l  **  *"  ^^  caae  of  the  Grant-Jackson  ore  shoot. 

t»*-'^lliiMP  varies  in  character  and  in  richness.     Goie 

r*'  ,j;r***^  contain  both  gold  and  silver,  with  the  silver 

y    -  but  pay   shoots  do  occur  in  which  either  mi 

t »  ''*^,i)WtW  in  value.    The  occurrence  of  the  two  types  o 

,**i*'      ;4£patately,  in  ore  shoots  within  a  few  feet  of  ei 

L»*^*'j;e*  '*^  stages  of  metallization  with  the  possibili 

ji*^^P  between  them.    As  a  whole  the  pay  streaks  ai 

,tf*''^4,nt  on  gold  for  their  commercial  value.    This  is  : 

BIT**'*  J-  tJw  "we  shoots  throughout  the  district. 

ti**^  *      tfU"*  Prince  vein  is  a  fissure  filling  along  a  steeii 

'I'l^^    j^ble  displacement,  with  the  June  Bell  rhyoUte  on 

,yj,t^i^    J  th*  Elko  Prince  rhyolite  on  the  east  wall  of 

"     ll    ^  ^Qtjt  level.    The  vein  will  average  about  two  feet 

:5*^^,ro*"^''  *"  addition  to  the  siliceous  vein  matter. ' 

^^  »-**'.  jim:1)*«  to  a  foot  or  more  of  gouge  developed  on 

i>i'**^,,.}(tf  walla  are  firm  and  well  defined.     On  the  a 

^*--'        optff*****"^  were  extended  over  1.500  feet  akmg  t 

*"  -***^    (jin.    Ths  ^50  foot  and  600  foot  levels  were  ex 

'*        ijUt  these  levels   were   only   briefly   examined 

-t**'        *«e  partly  reopened.    Some  mining  was  dot 

jgvel,  wid  a  winze  from  the  750  foot  to  the  900  : 

'"*    jwtt^  ^^^  "f  *^^  ^''^^"  ''■"^  sunk  in  ore  avera 

''*"    I'he  tnain  ore  shoi.>t  wa;?  6-"?0  feet  long  on  the 

vers**^  fifteen  in^-hes  in  widih :  on  the  600  fo« 

'■_(  long,  and  by  Noverr.ber.  1917.  2;>0  feet  1 

.wq  750  foot  level  showing  an  average  width 

■e  control  is  ev:,i^r.t  for  the  ore  >h<>ot  in 
'^  "  The  vein  varies  as  rr.jch  a:s  5    eiiher  direct 

are  slijrh:  vinatior.s  in  :he  strike,  t 


^T,nt  affect  on  :.".e  H-.et; 
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%  near  the  footwall,  helped  keep  a  channel  o] 
Qlutions  to  enter  the  vein  and  cement  the  roc 
:r;  for  later  solutions  to  replace  earlier  de 
finally  for  the  metallizing  solutions  to  deposi 
d  silver. 

i:  Link  vein  is  a  typical  fissure  filling  at 
fissure,  and  again  in  a  sheeted  zone  in  i\ 
e  lamprophyric  dike  which  courses  with  tli 
,nce.  The  ore  shoots  do  not  show  any  pron 
;he  case  of  the  Grant-Jackson  ore  shoot.  1 
ries  in  character  and  in  richness.  Genera 
ntain  both  gold  and  silver,  with  the  silver  pr 
ay  shoots  do  occur  in  which  either  mett 
I  value.  The  occurrence  of  the  two  types  of  i 
.e\y,  in  ore  shoots  within  a  few  feet  of  each 
stages  of  metallization  with  the  possibility 
3n  them.  As  a  whole  the  pay  streaks  are 
gold  for  their  commercial  value.  This  is  ge 
'  shoots  throughout  the  district, 
ince  vein  is  a  fissure  filling  along  a  steep  f 
placement,  with  the  June  Bell  rhyolite  on  tl 
Elko  Prince  rhyolite  on  the  east  wall  of  tl 
el.  The  vein  will  average  about  two  feet  in 
.  in  addition  to  the  siUceous  vein  matter,  thi 
to  a  foot  or  more  of  gouge  developed  on  tl 
lis  are  firm  and  well  defined.  On  the  adi 
ons  were  extended  over  1,500  feet  along  the 
The  450  foot  and  600  foot  levels  were  extei 
heae  levels  were  only  briefly  examined  ii 
-e  partly  reopened.  Some  mining  was  done 
and  a  winze  from  the  750  foot  to  the  900  fw 
1  end  of  the  vein  was  sunk  in  ore  averagii 
main  ore  shoot  was  630  feet  long  on  the  3( 
iged  fifteen  inches  in  width ;  on  the  600  foot 
long,  and  by  November,  1917,  230  feet  ha< 
750  foot  level  showing  an  average  width  of 

control  is  evident  for  the  ore  shoot  in  thi 
'he  vein  varies  as  much  as  5°  either  directioi 
lere  are  slight  variations  in  the  strike,  but 
ent  affect  on  the  metallization. 

i,  W.  H..  "The  Mines  Handbook,"  Vol.  XIII,  1018. 
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and  occasional  well-formed  clear  crystals  of  quartz,  one-1: 
three-quarters  of  an  inch  in  length. 


— _jirt>   knd  CIwlcMlonlo  MatM 
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MICJBOSOOPIO  CHARACTEB  OF  THE  OBE 

Mineralogy — Neither  the  ore  nor  the  gangue  is  complex 
mineralogic  make-up.  Three  metallic  minerals,  pyrite,  st: 
erite,  and  native  gold  supply  the  bulk  of  the  metallic  < 
in  the  veins,  with  other  metallic  minerals  appearing  in 
amounts.  The  gangue  material  consists  of  individual  m 
and  brecciated  rhyolite.  The  principal  mineral  constituei 
quartz,  chalcedony,  and  calcite,  with  a  small  amount  of  a< 
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observed  in  several  specimens  of  ore  but  only  as  very  small  i 

Proustite,  the  silver  sulph-arsenide  commonly  referred 
ruby  silver,  was  not  definitely  recognized,  but  a  minerj 
observed  as  small  bluish-white  specks,  ahnost  blue  in  cc 
to  the  gray  and  yellow  background,  in  specimens  fro 
Colorado  Grande  No.  1  claim  and  the  Missing  Link  vein 
physical  and  tnicrochemical  properties  observed  in  this  r 
indicate  that  it  is  proustite.  One  assay  for  arsenic  of  mis 
from  the  district  shows  that  proustite  or  some  other  a 
bearing  mineral  is  more  common  in  the  ore  than  is  indica 
microscopic  study.  No  evidence  of  other  arsenic-bearinj 
erals  was  noted. 

It  is  questionable  whether  chalcopyrite  is  present  in  tl 
On  two  or  three  surfaces  a  few  small  specks  of  a  yellow  m 
apparently  having  a  higher  relief  and  more  brittle  thai 
were  observed.  Sphalerite  was  noted  in  a  number  of  cases, 
ring  as  very  small  grains  often  associated  with  stromeyeri 

Textural  Character  of  the  Ore — The  gangue  miners 
mainly  chalcedony,  quartz,  calcite,  adularia,  and  occas 
some  chlorite.  They  will  be  discussed  in  relation  to  each 
and  to  metallic  constituents  of  the  vein. 

The  veins  were  not  completely  developed  at  one  time,  no 
the  minerals  all  deposited  in  them  contemporaneously.  1 
clearly  shown  by  the  banding  in  the  vein  filling,  the  breci 
and  cementation,  and  the  replacement  of  one  mineral  by  ai 

In  the  sequence  of  the  vein-forming  processes  the  chalc 
material  was  deposited  first  along  the  fissures  and  zones  o1 
ciation.  After  the  introduction  and  solidification  of  this 
rial,  movement  occurred,  shattering  the  earlier  vein  matti 
sometimes  the  wall  rock,  producing  new  openings  to  be 
Then  solutions  entered  these  openings  and  deposited  crys 
quartz,  cementing  the  fragments  of  chalcedonic  materia 
country  rock.  It  is  probable  that  the  adularia  was  formed 
veins  at  this  stage,  though  in  one  or  two  cases  it  appear 
some  of  the  adularia  belonged  to  vein  matter  older  the 
chalcedonic  filling. 

Following  this  stage,  movement  and  shattering  again  occ 
followed  by  the  introduction  of  fine-grained  quartz.  Thus 
phases  of  silica  deposition  are  seen.  The  specimens  studied  s 
the  earliest  to  be  chalcedonic  silica ;  the  next,  medium  to  i 
crystalline  quartz ;  the  last,  fine  -  grained  quartz  (Plate 
and  B).  These  phases  of  silica  deposition  may  be  assigi 
a  single  period  of  vein  formation,  characterized  by  repeated 
ening  of  the  veins,  and  recementation  by  deposition  of 


^ 
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this  would  be  to  determine  the  amount  of  erosion  wh 
taken  place  since  the  deposition  of  the  ore.  From  a  s 
the  veins  and  the  formations,  it  appears  that  the  miners 
took  place  during  the  period  of  extensive  erosion,  follow 
first  period  of  post-andesite  folding  and  faulting,  and  ] 
the  extrusion  of  the  late  post-andesite  tuffs.  All  the  earl 
mations  were  greatly  tilted,  and  faulted  prior  to  the  mir 
tion.  The  ore  was  deposited  along  fissures  and  faults  dc 
during  this  disturbance.  With  the  present  knowledge 
thickness  of  the  formations,  their  positions  and  attitudi 
difficult  to  make  a  reasonably  accurate  estimate  of  the  tl 
of  the  rock  prism  that  was  removed  by  erosion. 

The  greatest  erosion  appears  in  the  vicinity  of  the  Elkt 
vein.  Adjacent  to  the  Grant-Jackson  vein  the  formati 
less  disturbed,  and  it  is  possible  to  obtain  a  more  definite 
the  extent  of  erosion.  The  vein  occurs  along  a  norm, 
between  andesite  and  early  post-andesite  rhyolite.  On  t! 
wall  side  of  the  vein,  along  the  ore  shoot,  the  andesite 
capped  by  fifty  to  one  hundred  feet  of  rhyolite.  The  am 
erosion  is  equal  to  the  difference  between  the  thickness 
remaining  rhyolite  and  its  original  thickness.  The  thicke 
sure  of  this  formation  is  approximately  400  feet.  Thou 
may  not  represent  the  original  thickness,  it  appears  proba 
it  did  not  greatly  exceed  that  which  remains.  These  i 
therefore  must  have  formed  at  relatively  shallow  depth 
the  surface. 

The  mineral  associations,  the  structures  in  the  vein,  i 
textural  features  of  the  vein  filling  all  serve  as  indica 
the  depth  at  which  the  deposits  were  formed.  The  typoi 
minerals  in  these  deposits  are:  Chalcedonic  silica,  adular 
grained  pyrite,  stromeyerite,  and  proustite.  The  typoi 
structures  are  chambers,  cavities,  and  open  fissures  ah 
vein.  In  the  vein  filling  there  are  numerous  cavities, 
banding,  and  cellular  structure.  The  mineral  assembla 
structures  in  the  vein,  and  textural  features  of  the  veil 
are  typical  of  hydrothermal  mineralization  at  relatively 
depths. 

These  features,  taken  with  the  evidence  of  depth  indie 
the  amount  of  erosion,  serve  to  place  the  deposits  in  the  < 
mal  type,  which  is  the  type  of  deposit  in  the  mines  of  G 
the  Comstock,  Tuscarora,  Tonopah.  and  other  important  c 
of  Nevada. 
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8  Deposits  of  Manganese  Oxides  Near  Las  Vega 

On  the  basis  of  the  record  of  Longwell's  work  in  t 
Mountains,^  as  well  as  an  intimate  acquaintance  with  ' 
that  lies  southwest  of  these  hills,  the  writers  inte 
manganese  -  bearing  sediments  as  approximately  equ 
the  lower  part  of  the  Muddy  Creek  formation,  of  P 
age.  The  underlying  flows,  which  resemble  those  foi 
sively  farther  southwest,  are  tentatively  referred  to 
Miocene  (?). 

THE  VOLOAmC  SOCKS 

The  upper  1,200  feet  of  the  volcanic  rocks  that  ] 
studied  during  this  inquiry  are  separable  into  three 
follows: 

1.  The  lowermost  flow  is  a  reddish-brown  latite  abou 
thick.  It  forms  the  conspicuous  hill  2,000  feet  south  of 
Kids  mine  (Nos.  1  and  2,  Fig.  1)  and  may  be  traced  abo 
to  the  southwest,  but  is  not  conspicuous  east  and  noi 
mine.  The  rock  shows  rounded  blades  of  feldspar  am 
biotite  in  a  matrix  of  reddish  glass.  In  thin  section  th€ 
are  determined  to  be  sodic  plagioclase,  the  biotite  is  largi 
to  ferric  oxide,  and  the  glass  matrix  contains  myriads 
clase  crystals  0.01  to  0.02  millimeter  long.  The  rock  < 
to  10  per  cent  of  corroded  angular  fragments  of  a  si 
finer-grained  rock. 

2.  Overlying  the  reddish  latite  flow  is  a  group  of  lig 
latite  breccias  and  flow  breccias,  andesitic  breccias,  anc 
flows.  South  of  the  Lowney  fault  pale  yellowish  and  g 
material  predominates ;  north  of  it  the  andesitic  materii 
sporadically.  None  of  these  rocks  have  been  examim 
section.    The  group  ranges  in  thickness  from  300  to  4( 

3.  Of  the  three  groups  the  uppermost  flows  exhibit 
uniform  features  throughout  the  area.  They  are  entii 
in  composition  and  range  from  vitreous  to  stony  gla 
sparse  feldspars  to  material  that  is  finely  crystalline, 
spars  are  uniformly  sodic  plagioclase;  a  little  fresh 
commonly  present ;  hornblende  and  diopside  are  very  ui 
quartz  is  present  in  one  section ;  tridymite  in  another, 
reous  varieties  contain  fantastically  curved  microlites ; 
varieties  contain  myriads  of  feldspar  crystals.  Here  i 
principally  northeast  of  the  Three  Kids  mine,  the  rock  i 
cally  altered  to  a  greenish  mineral,  possibly  celadonite. 
alteration  of  the  overlying  reddish  tuffs  has  occurred 
areas  near  faults  and  seems  to  have  been  caused  by  < 

'Ltingn-oU,  C.  B.,  Geolouy  of  tbe  lluddy  Mouirtalus,  Xei'aOa : 
Survey  Bull.  7i)8.  pp.  90-103.  1928. 
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In  the  second  area  <B,  Fig.  1)  a  shaft  is  sunk  24  feet  v 
in  a  bed  of  manganese  oxide  (No.  15) ,  but  does  not  pene 
base.  About  30  feet  southwest  of  the  shaft  a  trench  ( 
reveals  6  feet  of  low-grade  manganese  oxide,  but  does  no 
its  limits. 

In  the  third  area  (C,  Fig.  1)  at  least  two  beds  of  ma 
oxide  have  been  explored  by  trenches  and  tunnels.  Th 
nesa  of  the  lower  bed  ranges  from  1  to  3  feet,  but  several 
near  by  reveal  a  bed  about  50  feet  higher  that  seems  1 
least  20  feet  thick  locally.  About  300  feet  to  the  southi 
higher  zone  contains  a  single  bed  2  to  3  feet  thick  (No.  ! 

Explorations  about  1^)00  feet  farther  southwest,  bey 
limits  of  Figure  1,  show  clearly  that  there  are  at  least  t 
of  low-grade  oxides  less  than  4  feet  thick  separated  by  I 
feet  of  tuffs. 

Existing  explorations  are  inadequate  to  present  a  d: 
definite  picture  of  the  relations  and  extent  of  the  beds  ol 
but  they  indicate  several  conclusions: 

1.  Although  the  zone  of  manganese  oxide  beds  is  p« 
at  a  fairly  definite  horizon,  50  to  75  feet  thick,  the  separi 
are  highly  lenticular. 

2.  Each  lens,  pursued  generally  northwest  from  the 
greatest  thickness  and  greatest  purity,  splits  into  severs 
separated  by  layers  of  tuff. 

The  Manganese  Oxide — ^The  manganiferous  material  ] 
rather  uniform  physical  properties  at  most  exposures.  T 
is  uniformly  dull  brownish  black  and  the  texture  is  ea 
finely  granular.  No  coarse  grains  or  nodules  were  ol 
The  material  is  so  highly  porous  and  hydrous  that  a  cu 
which  weighed  only  81  pounds  when  removed  from  tl 
lost  8  pounds  after  exposure  to  the  air  for  a  few  nn 
Jones  records  the  presence  of  "psilomelane  and  other  ha: 
ganese  oxides"  at  one  deposit,  but  psilomelane  was  not  n 
the  writers.  Some  of  the  material  from  the  western  o 
is  hard  and  coherent,  but  thin  sections  show  that  this  h 
the  presence  of  opal  and  chalcedony  in  the  pores. 

In  the  same  part  of  the  area  (B,  Fig.  1),  where  the  ni 
feroua  layers  are  thinnest,  some  layers  show  sporadic  dist 
ous  streaks  of  a  hard  lustrous  black  material  that  breakf 
conchoidal  fracture.  A  thin  section  of  this  material  show 
of  silicate  minerals  (plagioclase,  orthoclase,  biotite,  and  d 

"JoDca,  E.  L.,  Jr.,  op.  cit..  p.  220. 
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Sprtice  Mountain  District 

uartzite.  They  are  estimated  to  be  abou 
kneas.  From  fossil  evidence  they  are  r 
■boniferous  (Mississippian).  Their  struc 
uptilting  and  faulting  that  accompani, 
igneous  rocks,  but  their  prevailing  dip  is 

lONEODS  BOOSS 

ire  only  sparingly  present.  They  consist 
'ry,  diorite  porphyry,  and  lampropfayre  tl 

sedimentary  rocks.  They  are  in  general 
3t  well  exposed. 

nite  porphyry  500  feet  wide  extends  ei 
ain  range  (Figure  1).  As  seen  in  the  Poi 
he  Black  Forest  mine,  this  rock  is  a  ligh 
rock  with  abundant  phenocrysts  of  quar 
eh  as  0.2  inch  in  diameter  in  a  iine  -  jr 
ae  same  minerals.  A  little  biotite  and 
I  pyrite  are  also  present.  In  places  an  in 
'  plagioclase  marks  a  gradation  toward  i 
'ry.  The  rock  in  the  tunnel  has  been  1 
and  is  much  weathered.  The  feldspar  is  l 
e  biotite  changed  to  chlorite  and  iron  o 
3f  fine-grained  siliceous  limonite  about  ai 

dip  about  30=  SW.  The  rock  between 
d  by  numerous  parallel  veinlets  or  seai 
-lustered  secondary  quartz.  These  fea 
having  been  closely  sheeted  under  pre 
•  altered  and  had  its  fractures  sealed  by 

the  tunnel  the  limestone  has  been  meti 
alized  for  a  distance  of  30  feet  from  the 
of  the  granite  porphyry  from  the  S 
t  Sprucemont,  shows  secondary  veinlets 
ore  depositional  bands  of  quartz,  serieite 
places  cut  through  the  quartz  phenocrys 
phyry  is  a  fine-grained  dark  brownish - 
s  as  small  irregular  bodies  and  dikes, 

of  plagioclase  and  hornblende,  both  lai 

serieite,  chlorite,  and  epidote. 
dike  was  noted  in  the  upper  tunnel  of 
.    It  is  a  dark  greenish-gray  speckled  me* 
rphyritic  rock,  characterized  by  small  pj 
hornblende,  and  olivine,  of  which  the  bii 


10  Spruce  Mountain  District 

a  brief  revival  of  activity,  and  it  is  said  that  for  sever 
prior  to  1910  a  considerable  tonna£:e  of  ore  from  the  BIj 
eat  mine  was  smelted  in  the  C.  M.  Spence  50-ton  fumaci 
valley  northeast  of  Spruce  Mountain. 

In  1913  about  10  men  were  working  in  the  district  and 
shipment  of  ore  was  made  from  the  Keystone  mine. 

The  total  production  to  the  end  of  1930  has  beei 
$1,731,000.  No  record  of  the  production  in  early  5 
available,  but  the  estimated  early  production  from  th 
leading  mines  is  $700,000,  and  since  1901,  according  t 
able  figures  and  probably  authentic  reports,  the  product 
been  about  $1,031,000.  According  to  V.  C.  Heikes,  in  the 
Resources  of  the  United  States,  the  production  from 
1912  and  1916  to  1928  was  as  follows: 

Gold         Silver  Cupper  TxHid  Zinc 

Period          (iiiincea)  foimcps)  ipounrts)  (pouuds)  (jwunda) 

]902-1912 72.88     253.953  174,184  2.306,829      ...- ! 

1916-1928 103.87     352,321  148,347  7,771,622  40,197 

The  most  productive  years  were  1926  and  1927,  with 
valued  respectively  at  $243,043  and  $116,190;  that  of  II 
all  first-class  lead  ore.  The  next  best  year  was  1924,  ^ 
output  worth  $113,738. 

In  1929-1930  the  production  as  given  by  the  mining  coi 
was  about  3,200  tons  of  ore,  of  which  two -thirds  cam 
development  work  in  the  Killie  mine.  This  figure  At 
include  minor  output  made  by  lessees  in  the  BuUshead  ar 
mines. 

The  production  by  mines  In  1918-1930  is  about  as  fol 

Mine  I'erUwl  ( 

Monarch 1918-1928 

Black  Forest 1924-1929 

Killip 1926-1930 

Parker 1929-1930 


The  chief  sources  of  power  are  Diesel  engines  usin( 
fuel  oil  of  27^  or  more  Baume.  Until  recently  only 
timber  was  used  in  the  mines,  but  now  Oregon  flr  is  iir 
The  average  miner's  wage  is  $5.50  a  day. 

As  present  transportation  costs  on  the  ore  amount  U. 
50  per  cent  of  its  value,  the  district  eagerly  awaits  th( 
ing  of  the  proposed  branch  railroad  that  will  connect  : 
the  Western  Pacific  at  a  point  between  Jasper  and  Tobai 
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nsportation  has  always  been  the  great  dt 
las  postponed  development  in  the  hope 
■on  be  built  into  the  district, 
ion  is  resumed  it  is  expected  to  sink  thi 
1  fissure  from  the  200-foot  to  the  400-fo< 
inel,  now  in  1,500  feet,  will,  when  complete 
1  of  500  feet,  but  indications  along  it  so  f. 
raging.  The  large  dump  at  the  Monarch 
>ns  of  low-grade  brown  oxidized  ore  said 
;  of  lead  and  4  ounces  of  silver  to  the  t 
ns  are  the  Monarch,  Thelma,  and  Big  Fault 
orth  and  are  about  800  feet  apart.  As  t\ 
65°  E.  and  the  Thelma  70°  W.,  the  two  \ 
heir  courses  downward,  should  unite  or  ii 
it  below  the  apex  of  the  Monarch  vein  an 
of  the  Big  Fault  vein. 

BLACK  FOREST  MINE 

'orest  mine  is  on  the  steep  northeast  s 
in  at  an  altitude  of  about  8,500  feet  (Fig 
iod  of  operation  by  lessees,  the  Black 
Iting  Co.  began  operating  the  mine  on  j 

spring  of  1924  and  made  its  first  shipr 
ear.     During  1926,  3,000  tons  of  lead-sih 

ore,  was  shipped  for  smelting  and  1,000 
Drk  was  done.  By  1927  the  company  h; 
iped  8,800  tons  of  ore  that  contained  al 
I  and  20  ounces  of  silver  to  the  ton.  Most 
me  from  a  series  of  interlacing  pipes  oi 
ibers  in  the  white  limestone  above  the  1 

was  shipped  by  way  of  Jasper  to  the  Ai 
ining  Co.  at  Murray,  Utah.    Transportatic 

per  cent  of  the  value  of  the.  ore.  The  pro 
ns  of  ore  that  ran  20  per  cent  of  lead,  18  i 
ounces  of  silver  to  the  ton.  This  ore  came 
1  No.  11  fissure. 

opened  by  four  tunnels,  the  chief  of  wh 
3wer  tunnels,  spaced  about  70  feet  apart  ve: 
It  contains  more  than  7,000  feet  of  wor 
■ends  S.  60°  W.  and  has  a  length  of  abou 
t  notable  recent  development  work  undert 
the  driving  of  this  tunnel  and  the  Bronco 

Black  Forest  and  Monarch  mines  throu 
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also  a  little  secondary  calcite  and  quartz.  This  meta: 
zone  also  contains,  north  of  the  spur  dike,  the  larger  of 
quartz  blowouts  mentioned  on  page  9,  which  likewise  i 
be  genetically  connected  with  the  dike. 

A  dike  of  the  granite  porphyry  occurs  also  at  about  ! 
northwest  of  the  Spruce  Standard  mine.  It  strikes  N. 
about  parallel  with  the  Spruce  Standard  vein,  and  is  f 
connected  with  the  ore  deposits  in  that  vicinity. 

At  150  feet  to  the  north  of  the  dike  a  250-foot  branc 
off  from  the  crosscut  and  runs  east  nearly  parallel  with  t 
At  about  the  100-foot  point  it  cuts  a  zone  of  closely 
parallel  mineralized  fissures  20  feet  in  width  and  dipp 
NE.  Sphalerite  is  the  principal  ore  mineral  in  this  fissu 
After  making  a  70-foot  offset  to  the  southeast  beyond 
sure  zone  the  branch  crosscut  resumes  its  northeasterly 
for  about  150  feet  and  follows  a  fissure  of  vertical  t 
southerly  dip  that  contains  some  lead  and  silver.  Thi 
cut  ends  beneath  the  center  of  the  big  quartz  breccia  i 
"blowout." 

The  ore  deposits  in  and  near  the  Spruce  Standard  nr 
believed  to  be  genetically  associated  with  the  granite  p< 
dikes  and  to  have  been  formed  by  thermal  solutions  the 
lated  soon  after  their  intrusion. 

The  Ada  H.  mine,  half  a  mile  east  of  Sprucemont,  h 
similarly  prepared  for  active  mining  by  the  Sprucem 
Here  two  series  of  closely  spaced  mineralized  fissures  in 
ing  northeast  and  northwest  form  a  stockwork  1,800 
more  in  extent. 

OUTLYING  ZONE 

On  the  west  the  foothill  belt  of  limestone  for  a  dist 
eight  miles  north  and  two  miles  south  of  Sprucemont 
a  width  of  one  and  a  half  miles  contains  many  prospe 
outcrops  of  veins.  Of  this  total  width  about  3,000  feet  i 
heavily  mineralized.  Some  of  the  properties  in  this  zo 
example,  the  Chicago,  Ohio.  Paramount,  and  Cedar  grou 
opened  to  depths  of  more  than  100  feet.  Some  made  sn 
puts  in  the  early  days  of  the  district  and  seem  to  give 
of  future  production.  The  old  Paramount  shaft,  on  Pai 
claim  No.  7,  about  one  mile  northwest  of  Sprucemont,  has 
of  200  feet  and  has  produced  considerable  ore  that  is  said 
run  about  40  per  cent  of  lead.  15  ounces  of  silver  and  $5 
to  the  ton,  and  a  little  copper.  It  is  sunk  at  the  interse 
two  veins,  one  of  which  dips  60    N.  and  the  other  80^ 


;a  north  of  C 
Figures  1  ai 
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known  as  the  Star  or  South  vein  and  the  North  vein,  Ti 
best  developed  in  the  quartzite  and  finger  out  and  becon 
ren  in  the  shale.  In  a  few  places  they  are  associated  witi 
of  the  quartz  monzonite.  The  Star  vein  ends  at  a  quartz 
nite  dike  near  the  face  of  the  Walker  drift  on  the  Star 
level,  and  both  veins  are  said  to  cut  the  same  dike  near  t) 
ends  of  the  sixth  and  seventh  levels. 

The  veins  have  a  known  horizontal  extent  of  about  2,2' 
and  a  vertical  range  of  about  900  feet,  with  good  indicat 
the  deepest  workings  of  continuing  to  greater  depths.  Thi 
extending  from  the  seventh  to  the  ninth  level,  the  bot 
the  mine,  is  said  to  be  on  the  vein  and  mostly  in  good  o 
this  horizontal  extent,  however,  the  deposits  include  a 
zone  extending  250  feet  westward  from  a  point  a  little 
the  shaft.  The  Star  or  South  vein  strikes  N.  72=  W.  a 
North  vein  N.  78°  W.  Both  dip  steeply  south  for  thi 
part,  but  in  places  they  stand  vertic^  or  dip  steeply 
Their  intersection  on  the  sixth  and  seventh  levels  is  abou 
feet  west  of  the  shaft.  They  have  well-defined  walls,  bu 
or  no  gouge.  The  Star  vein  is  the  larger  and  more  prod 
It  ranges  from  1Y>  to  7  feet  in  thickness,  with  an  aver 
2  feet;  one  ore  shoot  mined  had  a  maximum  horizontal 
of  1,000  feet  and  ranged  from  1  to  6  feet  in  thickness,  avc 
21/2  feet.  The  North  vein,  which  is  about  1  foot  wide 
average,  has  received  comparatively  little  attention. 

The  veins  in  places  are  associated  with  quartz  moi 
and  are  cut  by  small  vertical  normal  faults  that  strike 
northeast,  about  parallel  with  the  strike  of  the  countri 
The  part  of  the  vein  west  of  the  fault  is  generally  displi 
the  south,  as  in  the  Star  tunne!  east  of  the  shaft.    (See  Fig 

In  the  Walker  drift  the  vein  ranges  from  1.2  to  3  : 
width  and  carries  good  ore  through  almost  the  entire 
of  the  drift,  near  the  end  of  which  it  ends  against  a 
monzonite  dike. 

In  the  upper  levels  the  ores  are  highlj"  sihceous  and  o? 
but  they  become  base  in  depth,  where  the  ore  minerals 
mainlj-  of  galena,  sphalerite,  and  pyrite  in  a  roughly 
white  quartz  gnngue.  These  sulphides,  however,  have  I: 
part  replaced  by  tetrahedrite,  proustlte.  stephanite,  pyrai 
polyba?ite.  argentite,  and  chalcopyrite,  largel>'  as  pseudoi 
alter  the  primary  niinenits.  especially  galena  and  sph; 
Theso  secondary  minenils  oi-i-ur  also  as  veinlets  filling  fn 
in  the  vein  and  in  the  wall  nx-k.    Enrichment  has  extend* 


10  Mines  and  Mills  of  Silver  City,  Nevada 

1878,  and  for  many  years  afterward,  water  prevented  i 
opment  in  Silver  City.  Capital  avoided  what  might  ( 
expensive  deep  mining  where  it  was  presumed  the  vf 
ore  would  run  only  $10  to  $20  per  ton,  which  was  muc! 
in  the  Comatock  mines.  After  the  Sutro  tunnel  had 
nected  with  the  Occidental  or  Brunswick  Lode  worklnj 
south  lateral  had  entered  the  Alta  mine,  water  lease 
Silver  City  lower  levels,  and  at  present  most  of  the  wal 
tered  is  surface  seepage  of  very  small  volume.  A  few 
the  Buckeye  shaft  east  of  town,  700  feet  deep,  was  pi 
Since  then  it  has  refilled  very  slowly  and  is  not  ye 
pioneer  days  an  S-inch  pump  column  and  large  steam 
required  to  keep  down  the  water.  When  last  pumped  o 
column  and  small  centrifugal  pump  unwatered  this  i 
tively. 

Water  in  the  Succor  shaft  north  of  Devils  Gate  is  r 
stand  at  the  Sutro  Tunnel  level,  about  800  feet  below  t 
according  to  observations  made  three  years  ago  by 
Mining  Company  operators. 

The  evidence  shows  that  water  will  not  now  seriousl 
with  deep  mining.  Efficient  modem  pumps  and  elec 
will  easily  overcome  what  was  formerly  a  great  obstacle 

Silver  City  is  connected  by  an  excellent  highway  w 
City,  the  State  Capital,  12  miles  distant.  Ten  miles  of 
Thirty-four  miles  farther  along  the  same  paved  road 
the  metropolis  of  Nevada.  The  distance  to  Reno  is  on 
via  Virginia  City  and  the  Geiger  summit,  over  excel! 
road. 

The  Sierra  Pacific  Power  Company  has  branch  lines 
properties  in  the  district,  from  which  cheap  electric  povi 
able  at  all  leases. 

Supplies  of  all  sorts  are  very  reasonable  in  price,  1 
lumber  can  be  hauled  in  by  truck  from  Reno  at  a  cost  oi 
per  thousand  board  feet.  Supplies  can  be  shipped  ov( 
road  to  Mound  House  or  Virginia  City,  adjacent  to  tl 
Labor  is  abundant,  reasonable  in  price,  and  as  good 
obtained  anywhere.  There  are  excellent  schools  at  S 
Virginia  City  and  Dayton.  The  climate  is  pleasant, 
and  permits  all-year  mining  and  milling  operations. 

When  bullion  is  obtained  from  the  mills,  it  can  be  tal 
to  the  United  States  Assay  Office  at  Carson  City,  wh 
be  assayed  and  bought,  thus  eliminating  express  ar 
charges.    Amounts  as  small  as  two  ounces  are  receivec 

At  present  about  40  men  are  working  in  Silver  Cil 
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'horn  are  employed  in  mining  and  milling,  and  there  is 
.ed!y  opportunity  for  many  more.  Mining  leases  may  be 
1  on  reasonable  terms,  and  the  chance  for  success,  espe- 
ir  experienced  miners,  is  excellent. 

s  briefly  run  through  a  list  of  the  active  mines  and  leases, 
which  was  visited  by  an  engineer  from  the  State  Bureau 
9  during  April,  1932: 

DATTON 
is  one  of  the  old  mines  of  the  district,  which  produced  sub- 
iy  from  1870  to  1875.  It  has  the  second  deepest  shaft 
district  (900  feet).  Recently  Geo.  Fuerman  and  F.  W. 
^h  have  taken  a  lease  and  bond  and  are  working  through 
A  and  winze  in  the  upper  levels.     They  have  extracted 


;— Looking  aoutb  from  V*  mile  nortli  of  FedroU  mina,  sbowlng  Mll- 
raukM,  Pedroli,  Dayton  and  KosaouUi  minoa;  Oold  C«nyoa  Is  on 
ba  left,  Carson  Olty  bigliway  on  Tight. 

rable  ore,  which  is  being  put  through  the  Trimble  mill. 

iiees  have  installed  a  SOO-gallons-per-minute  electric  pump 

vatered  the  mine  to  the  220-foot  level. 

Dayton  mine  was  once  owned  by  F.  S.  Lacruta,  who  in  1872 

M  W.  S.  Hobart  foi;  $43,000. 

'esumption  of  production  by  this  old  property  is  of  interest. 

n  is  wide,  and  large  bodies  of  brecciated  ore  have  been 

rom  it  in  the  past. 

EHMA  NEVADA 
Emma  Nevada,  lying  between  the  Oest  and  Santiago,  is 
by  Mrs.  S.  Ninnis  of  Silver  City.     On  March  1  it  was 
i  to  the  Trinity  Gold  Bar  Mining  Company,  of  which  0.  B. 
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Lefurgey  is  general  manager  and  vice  president.  The  new  com- 
pany drove  a  crosscut  from  the  main  tunnel  which  cut  the  vein 
190  feet  below  the  old  workings,  and  it  was  reported  on  May  1, 
1932,  that  ore  of  milling  grade  was  being  extracted. 

This  mine  was  located  in  1885  and  was  first  operated  by  Wm. 
Doidge  and  H.  Piper  and  is  said  to  have  produced  $150,000  or 
more.  It  was  last  worked  in  1910.  The  largest  output  was  made 
between  1885  and  1890,  at  which  time  the  Oest  and  Haywood, 
adjoining  mines,  were  also  producing. 

FLORA  TEMPLE 

During  1931,  prior  to  the  management  of  Chas.  Stewart,  the 
Flora  Temple  mine  was  very  active  and  productive  of  a  good 


Fig.  3 — Gordon  mine,  toaklag  north, 
grade  of  ore.  During  the  summer  season  over  400  tons  were 
milled  at  the  Donovan  plant,  and  the  Trimble  mill  also  ran  one  lot 
of  100  tons  which  netted  $14  per  ton,  and  a  second  lot  of  50  tons 
of  lower  grade.  This  ore  was  mined  and  milled  during  the  opera- 
tion of  James  Wilson. 

The  Lager  Beer,  one  of  the  older  mines,  is  on  this  vein,  and  bas 
been  productive  in  recent  years. 

QOBDON 

The  Gordon  mine,  formerly  known  as  the  Herman  Shields 
property,  now  owned  by  Gurney  Gordon,  Everett  Gordon  and 
associates,  consists  of  several  claims  in  the  southern  part  of  the 
district. 

The  owners  are  constructing  new  surface  buildings,  and  are 
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Mines  Co. ;  Frank  Manson,  well  known  Nevada  minin 
is  president  of  the  company. 

PEDSOZJ 

Shown  on  the  old  maps  as  the  Milk  Ranch,  one  fourt 
of  town,  this  mine  is  now  owned  by  S.  J.  Pedroli  and 
of  Dayton,  Nevada. 

M.  Quilici  bes:an  mining  here  in  1896  and  opened  ai 
from  which,  mining  alone,  he  states  he  extracted  $1 
days.  Each  year  since  then  the  owners  have  worked 
way,  and  the  mine  has  yielded  many  thousands  of  do] 
ing  1931  three  shipments  were  made  to  the  Trimble 
netted  $1,100.  Since  then  another  shipment  has  t 
The  mine  is  equipped  with  a  new  30  horsepower  Fairb 
hoist,  three  50-KVA  Westinghouse  transformers  and  t 
face  buildings.  The  shaft  is  a  two-compartment  im 
only  60  feet.  At  present,  work  is  being  conducted  1 
old  700-foot  tunnel.    The  main  vein  strikes  NW.  and  < 

The  Milwaukee  and  Ida  mines  to  the  northwest  c 
Ranch  are  probably  on  the  same  vein.  Going  northerl. 
a  coarse-grained  micaandesite  dike,  locally  termed  i 
dike.  Smaller  veins  cross  E.  and  W.,  and  at  their  jun 
both  dike  and  main  vein  profitable  ore  has  been  mine^ 
produced  heavily  when  operated  by  the  Nevada  Redu 
pany  of  Dayton  between  1902  and  1905,  keeping  the  1 
in  steady  operation. 

Chester  Kenny  and  Everett  Kenny  of  Silver  City 
on  the  southern  part  of  the  Pedroli  group,  where  the; 
ing  NW,  from  the  bottom  of  an  80-foot  shaft.  Th« 
extracting  ore  and  will  soon  have  a  mill  shipment  reac 
the  summer  of  1931  they  sent  one  substantial  lot  to  t 
mill. 

SANTIAOO 

The  Santiago  mine  is  one  of  the  Haywood  group, 
by  St.  Joe  Consolidated  Mines  Corporation,  previous!) 
Wm.  H.  Scott  of  Dayton  is  resident  agent. 

The  Santiago  vein  is  the  northeastern  extension  o 
wood  vein.  It  has  a  strike  of  N.  75°  E.,  and  dips  5( 
depth  of  60  feet.  The  footwall  is  metaandesite  and  tl 
wall  at  depth  is  tertiary  andesite  breccia,  while  from 
to  a  depth  of  60  feet  or  more  it  is  conglomerate  c< 
angular  and  rounded  fragments.  All  of  this  congl 
material  derived  from  the  erosion  from  the  footwall 
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Mr.  Donovan  states  that  the  present  grade  of  ore  fr 
Hill  mine  averages  about  $10  per  ton.  It  is  easily  m 
but  little  blasting  is  necessary.    The  ground  stands 


Tig.  7 — Lager  Beer  vein  ajtd  mine, 
timbers  are  necessary.    A  profit  is  said  to  be  made  c 
assaying  above  $4  per  ton. 

SPEABRISAD 
The  Spearhead  mine  is  located  about  half  a  mile  nortli 
City.    Charles  A,  Finney,  long-time  resident  of  Silver 
a  two-year  lease  on  the  Spearhead  from  Dave  Maltman, 
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Lagrer  Beer $240,(K 

Flora  Temple 120,0( 

Silver  Hill 1,000,0( 

Piedmont 50.0( 

Vivian GOO.W 

Midas 40,0( 

Pioneer 300,0( 

Grass  Widow 115,0( 

Lucky  Star  and  Morning  Star. 30,(K 

Cosmopolitan 150,0C 

Underground 90,(X 

Silver  City  Flat 75,0( 

Ida 98,0C 

Milwaukee 160.(H 

Pedroli 50,0t 

Buckeye 1,500,0( 

Smith 40,(X 

Watson 25,0( 

Mt.  Bullion 20,0t 

Lanzac  and  Northern  Belle 250,0( 

Golden  Eagle,  etc 30,0C 

Comet  North  Extension lO.OC 

Pansy lO.OC 

Red  Jacket 35,0( 

Calhoun 20,0( 

Independent 300,0( 

Oest 750,0( 

Boston  and  Lester 140,0( 

Comet 20,0C 

Santiago 1,000,0C 

Haywood 650,0C 

Harris  Claim 15,0( 

Miscellaneous  Pita 50,0t 

Cyanide  Plants 900,OC 

Total,  $21,528,000 
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The  separated  slime  is  treated  in  a  small  v 
.  The  sand,  containing  much  slime,  is  ren 
1  by  a  clamshell  dredge  bucket  operated 
iving  a  very  long  boom.  This  wet  tailing 
ying  ground  by  the  derrick,  and  after  air-di 
1  spread  out  over  the  drying  ground  by  he 
icrapers,  thoroughly  plowed  and  disc  -  har 
irged  into  a  series  of  five  redwood  leaching 
leep  and  twenty  feet  in  diameter.  A  small 
well-slaked  lime  is  mixed  with  the  sand  be 
ats.  A  five-pound-per-ton  sodium  cyanide 
for  leaching,  which  is  followed  by  a  two-poij 
ter  wash.  Precipitation  is  effected  by  zin» 
>xes.  Excelsior  (shavings  of  shredded  wood 
m  compartments  of  the  boxes  to  prevent 
3  passing  over.  In  cleaning  up,  the  zinc  is  ' 
to  the  boxes;  the  precipitate  is  filtered  oi 
ill  cleanup  tank,  and  is  dried  and  melted  with 
in.  The  resulting  cyanide  bullion  is  very  pur 
gold  fine  and  400  silver  fine,  which  is  abo 
wld  and  12  cents  per  ounce  in  silver, 
ilendid  results  with  the  old  McArthur-Forr 
!  ease  with  which  the  ores  may  be  cyanided. 


■  ! 


ini 
lii 


np 
er 
Dd 


inl 

di 


.bl< 

lie 


16  Metal  and  Nonmetal  Occurrences  in  Nevada 

A  statement  of  the  geolojric  formation  of  the  region  jfi 
general  idea  of  the  rocks  in  which  the  deposits  occur, 
attempt  has  been  made  to  name  the  oldest  rocks  first,  usin 
terms  pre-Cambrian  schists,  granite,  or  complex.  The  term 
plex  is  used  in  districts  where  schist,  gneiss,  and  granit 
found  in  intimate  association.  The  Paleozoic  or  Mesozoic 
stones,  slates,  quartzites,  etc.,  are  all  combined  under  the  ' 
Paleozoic  or  Mesozoic  sediments.  Intrusive  rocks  are  sa 
"cut"  the  older  formations,  and  volcanic  flows  "cap"  the 
formations.  Where  the  relation  is  not  known  only  the  r 
of  the  rocks  are  given,  as  Paleozoic  sediments,  granite,  and 

The  kind  of  deposits  found  in  the  region  are  noted.  No  atl 
has  been  made  to  discuss  the  deposits ;  simply  their  general 
acter  is  mentioned  in  the  belief  that  it  may  be  of  use.  Th 
lowing  terms  are  used  with  the  meanings  indicated,  whlc 
sanctioned  by  the  United  States  Geological  Survey: 

Vein — A  single  body  of  minerals  occupying  or  following 
sure,  both  walls  of  which  generally,  though  not  invariablj 
well  defined.  Where  several  veins  are  so  closely  spaced  thi 
ground  between  them  becomes  in  places  ore  bearing  and 
whole  width  constitutes  an  ore  body  the  assemblage  is  cai 
lode.  In  this  bulletin  the  term  vein  is  used  for  both  vein; 
lodes. 

Contact-metamorpkic  deposits — Ore  deposits  which  occur 
near  the  contacts  of  intrusive  rocks  with  sedimentary  bed 
which  carry  minerals  characteristic  of  contact  metamorp 
such  as  garnet,  pyroxene,  and  epidote. 

Replacement  rfeposiis— Masses  of  ore  and  gangue  formi 
the  alteration  of  limestone,  dolomite,  and  other  rocks.  U: 
irregular  in  form  and  in  many  places  grading  into  co 
rock. 

Disseminated  deposits — Deposits  containing  ore  minerals 
tered  throughout  the  rock,  such  as  chalcocite  occurring  in  £ 
through  granite  porphyry.  The  term  "impregnations"  is  i 
times  applied  to  deposits  of  this  type. 

Stockwork — A  deposit  consisting  of  a  complex  system  of 
fissure  veins. 

Lenses — Ore  bodies  that  are  more  or  less  eliptical  in  ou 
thickest  at  the  center  and  thinning  out  toward  the  edges- 
ticular  in  shape. 

To  all  of  which  is  added  a  bibliography  of  United  £ 
Geological  Survey  publications  relative  to  the  district.     ' 
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ull.,  vol.  1,  No.  1,  p.  20,  November,  1929. 

«r  of  Nevada  State  Bureau  of  Mines  in  June 

l,p.  320. 

l,p.494. 

1,  p.  431. 

l,p.  676. 

I,  p.  531. 

1,  p.  455. 

Mohave  topographic  map. 

U.  P.  E.  R. 

of  Joints. 
Jhuri^h,  Mining  districts  and  mint 

ah  topographic  map. 
,  U.  P.  B.  B. 

Itone,  B.  W.,  and  Sanford,  Samuel,  Useful  i 
s;  U.  S.  Geo],  Survey  Bull.  624,  p.  194,  191! 
C;hUT(!h,  Mining  districts  and  miner&l 


:ite  with  manganese  oxide  on  fractures  and  jo 
Cliurch,  Mining  districts  and  mineral  resources 

ah  to;io);raphic  map. 

fingB,  PotOBl),    Zn,  Pb,  Cu,  Au,  Ag,  Ft,  Pd,  Co, 

,  U.  P.  R.  K. 

lis  cut  by  dikes. 


Church,  Mining  districts  and  mineral  resources 

23. 

tt,  E.  P.,  and  Stevenson,  C.  C,  The  chloride  v 

e  treatment:    U.  S.  Bur.  Mines  Bull.  211,  pp. 

iletallurgical  possibilities  of  the  descloizite  or 

Ida:    U.  S.  Bur.  Mineis  Bept.  of  Investigation 
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,  FraDciB  Cbnteb,  Mining  districtB  and  mineral  resonrcea  of  ! 
53-54,  1923. 
B.  1923,  pt.  l,p.  496. 

1924,  pt.  l,p.  433. 

]925,pt.  l,p.  679. 

1926,pt.  :,p.  534. 

1928,  pt.  l,p.457. 

1929,pt.  l,p.  655. 
S.  Halleirk  topographic  (adv.)  aheel. 
(Falcon).    Ag. 

I  from  Tuscarora,  in  Independence  Range. 
r  andeeite. 

■s.  192S,pt.  J,p.  321. 

1928,  pt.  J,  p.  457. 

1929,pt.  1,11.655. 
>(Rul>r  Hoimtaln  Banga,  Vallaj  Viaw).    Pb,  Zn,  At!,  Au. 
it  mining  district.) 
B  W.  Tobar,  W.  P.  R.  B. 
:  rocks,  Paleozoic  Bedimente. 
meats,  contact  metaniorphic. 

M.  Notes  on  some  mining  districts  in  eastern  Nevada:    U.  ^ 
ve.v  Bull.  648,  pp.  .54-63,  1916. 

r,  F.  C,  Stone,  R.  W.,  and  Sanford,  Samuel,  Useful  minerals 
ited  States:    II.  S.  Geol.  Survey  Bull.  624,  p.  191,  1917. 
.  L.,  and  Larsen,  E.  S.,  Contact  metamorpbic  tungsten   depo 
United  States:    U.  S.  Opol.  Survey  Bui!,  725,  pp.  245-309,  11 
a.  1914,  pt,  1,  pp.  670-^77. 

1915,  pt.  l,p.63a. 

1917,pt.  l,p.  273. 

192.%pt.  l,p.497. 

1924,  pt.  l,p.433. 

1925,  pt.  l,p.  679. 
1936,  pt.  l,p.  534. 
1928,  pt.  l,p.457. 
1929,pt.  l.p.  655. 

S,  Halleck  topographic  (adv.)  sbect, 
r  (Smltli  Oteekl.    Pb,  Ag,  Zn. 

I  W.  Corrie,  N.  N.  R.  R.;  .^5  miles  S.  Halleck,  S.  P.  R.  H. 
ic  limestones  intruded  by  biotitegranite. 


,  Francis  Churcb,  Mining  districts  and  mineral  r 

.'14-55,  192.1. 

S.  Halleck  topographic  (ndv.)  sheet. 
Qtain.    Pb,  Cu,  Ag,  An,  Mn. 

i  S.  WellB,  8.  P.  R.  B.;  15  miles  NW.  Miipah,  N.  N.  B.  : 
rasper,  W.  P.  R.  R. 
ie  sediments  cut  by  rhyolite. 
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LANDBJt  OOmrrr— Continued. 

HorM  Oan7on.    Au. 

Near  McCoy,  30  miles  SSW.  Battle  MountaiD,  S.  P.  R.  R.,  W.  P.  R.  R 
Diorite  and  limestone. 

Scbrader,  F,  C:   Beport  in  preparation. 
U.  S.  G.  S.  Sonoma  Range  topographic  (adv.)  map. 
Jftckson  (Oold  Puk).    Au. 

44  milBB  S.  of  Austin,  N.  C.  R,  R.    (See,  also,  Nye  County.) 
Min.  Res.  1910,  pt.  1,  p.  520. 

]911,pt.  l,p.  682. 

1912,pt.  l,p.  800. 

1913,pt.  l,p.  829. 

1921,  pt.  1,  p.  385. 

1925,pt.  l,p.684. 
Kingston  (Bunker  Hill,  Santa  Fe,  Summit,  Victorlna).    Au,  Ag. 
24  miles  S.  Austin,  N.  C.  R.  R„  W.  flank  of  Toiyabe  Range, 
Limestone  interbedded  with  shales  and  slate. 

Lincoln,  Francis  Churcb,  Mining  districts  and  mineral  resources  of  N 
pp.  112-113,  1923. 
Ii««1b  (Daan,  Mud  Springs,  Pittsburg).    Ag,  Au. 

14  miles  8E.  Battle  Mountain,  S.  P.  R.  R.,  W.  P.  R.  R. 
Paleozoic  sediments  cut  by  granite  and  andesite. 

Schrader,  F.  C,  Stone,  K.  W.,  and  Sanford,  Samuel,  Useful  minerals 
United  States:    U.  S.  Qeol.  Survey  Bull.  624,  pp.  191,  192,  1917. 

Lincoln,  Francis  Church,  Mining  districts  and  mineral  resources  of  N 
pp.  113-114,  1923. 

Betty  O'Neal  mine:   E.  &  M,  Jour.-Press,  Mareh  15,  1B24,  pp.  449-452 

Min.  Res.  1922,  pt.  1 ,  p.  326. 

1923,  pt.  1,  pp.  500-501. 

1924,  pt.  1,  p.  437. 
1925,pt.  l,p.  684. 
1926,pt.  ],p.  540. 
1928,pt.  l,p.46.1. 
1929,  pt.  l,p.  660. 

McCoy.    Au. 

30  miles  SSW.  of  Battle  Mountain;    access  by  automobile;    8  miles  i 

N.  C.  R.  R. 
Diorite  and  limestone. 

Schrader,  F.  C:   Report  in  preparation. 
Min.  Res,  1924,  pt.  1,  p.  437. 
1929,  pt.  l,p.  660. 
U.  S.  G.  S.  Sonoma  Range  topographic  (adv.)  map. 
New  Pass.    Au. 

27  miles  W.  Austin,  N.  C.  R.  R.,  on  border  of  Churchill  County. 
Limestone,  porphyry  and  gabbro. 

Lincoln,  Francis  Church,  Mining  districts  and  mineral  . 
p.  114,  1923. 
Bavenswood  (Shodione).    Ag,  Au,  Cu,  Pb. 

20  miles  NNW.  Austin,   N.   (.:.   R.   B.,   7  miles   W    Sil' 
N.  C.  R.  B. 


15,  1920. 
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SODIXTM  SUIfHATE— Continued. 
CLABK  OOvnT 

OoodapTlngB. 

r.  8.  Geo),  Survey  Bnll.  TIT,  p.  23. 
Top.  sheet  GoodBprings. 

EBMXBAU>A  COVITTT 

SUver  P«ftk. 

12  miles  north  of  Silver  Peak,  in  soutbirestern  part  of  Big  Smoky 

r.  S.  Geol.  Survey  Bull.  717,  p.  24. 

Top.  sheet  Silver  Peak. 

irros  couwTT 
Wabiuka. 

E&st  and  northeast  of  Wabuska. 

Mon.  11,  p.  48, 

V.  8.  Geol.  Survey  Bull.  TIT,  p.  24. 

MelhaRB,  John.  op.  cit. 

Top.  sheet  Wabuska. 

KIVSKAI^  COWTT 

Bliodw  Maisb. 

Near  Miaa. 

V.  8.  Geo!.  Survey  Bull.  717,  p.  23. 

Top.  sheet  Hawthorne. 
Bawlild«. 

Near  Hot  Springs. 

Locality  furnished  by  U.  S.  Bureau  of  Mines. 

Top.  sheet  Carson  Sink. 


Brown's  SUUon  (Toy). 

U.  8.  Geol.  Survey  Bull.  T17,  pp.  21-22. 
Buena  Vista  Vollay- 

East  of  Buffalo  Peak  in  the  northern  jiart  of  Humboldt  Bantie. 

U.  S.  Geol.  Survey  Bull.  717,  p.  22. 
Sou  Hot  Spring  (Dixia  V&Uey). 

IJ.  S.  Geol,  Survey  Bull.  717,  p.  23. 

WASHOB  COTTITTT 

Granite  Uountain. 

At  the  springs  east  of  Granite  Mountain,  on  the  western  borde 
Creek  Desert;  and  at  the  springs  a  few  miles  north  of  Gra 

U.  S.  Geol.  Survey  Bull.  717,  p.  23. 
Top.  sheet  Granite  Haage. 
Smoka  Creek  Desert. 

U.  8.  Geol.  Survey  Bull.  717,  p.  24. 
Top.  sheet  Granite  Bange. 

STONE  (T0U;AMIC  BOCK) 

ttcfcreiirrx — ■ 

Burrhard,  E.  F„  The  stone  induslrv  in  the  United  States  in   191: 
Eosources  of  the  United  States,  1013,  Part  2,  pp.  1370-1373. 


Reid,  John  A.,  Pre 


rsity  of  Nevada  Bulletin,  vol.  1,  No.  1,  1904. 

Kyle  (Basalt). 

Locality  furnished  by  U.  S.  Bureau  of  Min 
Top.  ehcot  Pioche. 


1  building  stones  of  Xe^ 
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Coaldale. 

4  miles  northeast  of  Coal  da  1c. 

Min.  Ees.  1910,  pt.  2,  pp.  890-892. 

Top.  sheet  Tonopah. 
Bock  HUl  Siding. 

2  miles  west  of  Bock   Hill   siding  ai 
localities  about  2  niiles  apart  in 

Min.  Ees.  1909,  pt.  2,  pp.  796-801. 

Top.  sheet*  Tonopah  and  HaTrthorne. 


Ouid«iailtt. 

Near  the  summit  and  on  tbe 

Min.  Ees.  IBIO,  pt.  2,  p.  890. 
Top.  sheet  Hawthorne. 
SodATiU«. 

8  miles  southwest  of  Sodnvil 
Min.  Ees.  1910,  pt.  2,  p,  894. 
Top.  sheet  Hawthorne. 
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40  Placer  Mirang  in  Sevada 

The  shaker  box  is  suspended  from  a  rod  by  two 
hangers.  A  horizontal  shaking  motion  is  imparted  U 
iron  rods  eccentrically  connected  with  a  shaft  which 
by  belt  drive  to  a  eO-horsepower  automobile  engine, 
of  the  eccentric  is  6  inches  and  the  number  of  stn^ef 
is  60.  To  assist  in  the  disintegration  of  the  clayi 
stones  5  to  6  inches  in  diameter  are  placed  in  the  bo: 
The  oversize  material  is  discharged  at  one  end  iDt< 
cars  for  transportation  to  the  dump ;  the  minus  S-m 
along  with  the  gold  is  discharged  into  a  sluice,  the  bf 
is  directly  below  the  shaker  box.  The  sluice  is  coi 
2-lnch  plank  and  is  10  inches  wide  and  8  inches  deep 


Flgaxa  11,  Irfiadlng  placer  mstwlal  Into  truck  witli  Freuic 
long,  with  wings  at  the  upper  end  to  catch  the  mi 
the  shaker  box.  Coarse  woven  wire  screen  is  place 
bottom  of  the  sluice  box  to  act  as  riffles. 

The  first  70  yards  of  gravel  treated  in  the  plant  is 
netted  $889,  an  average  of  $12.70  per  yard.  The  co 
tions  was  about  $1.50  per  cubic  yard.  The  gold  assa 
and  was  finely  divided. 

OBWOA  OISTBIOT 

The  Genoa  district  lies  upon  the  east  slope  of  the  Si 
Range  in  Douglas  County,  a  short  distance  west  of  i 
of  Genoa.  The  district  was  organized  in  1860  and  a  li 
of  development  prospecting  was  done  on  the  lode  di 
discouraging  results.  Placer  deposits  of  Tertiary  e 
been  prospected  to  some  extent,  but  the  only  record  o: 
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basis.  During  the  1931  season  Nelson  recovered  260 
gold  from  his  operation.  This  gold  averaged  920  fine, 
were  employed.  In  1932  operations  were  started  in  '. 
the  yield  is  expected  to  be  better  than  for  the  year  IJ 
An  unusual  method  is  employed  by  Nelson  for  reco 
gold.  The  equipment  consists  of  a  reservoir  for  imj 
small  flow  of  water  (about  2V^  miners'  inches) ,  a  har 
power  driven  rocking  sluice  box  or  long  tom.  The  grj 
creek  bed  is  loosened  with  a  horse  drawn,  spring  toe 
while  water  is  flowing  over  it.  (See  Figure  17.)  In  ' 
large  proportion  of  the  soil  and  clay  is  washed  from 
The  partly  washed  gravel  is  then  moved  into  a  pile  wii 
drawn  scraper.    The  gravel  is  shoveled  from  the  pile  bj 


Figure  17.  Loosening  gravel  wltH  spring  tootb  burow,  Lynn  : 
the  long  tom,  which  is  16  feet  long,  10  inches  deep,  anc 
wide,  and  is  equipped  with  riffles.  The  sluice  is  set 
and  shaken  from  side  to  aide  by  means  of  eccentric  r 
tion  driven  by  a  1  Va-horsepower  gasoline  engine.  Its  i 
about  four  cubic  yards  per  hour  (Figure  18) .  The  ordi 
garian  type  riffles  made  of  wood  strips  1  by  2  inches 
2  inches  apart  in  the  lower  end  of  the  sluice.  In  the 
the  riffles  consist  of  2-inch  plank  with  numerous  hole: 
diameter.  This  board  is  supported  2  inches  above  the 
the  box  by  a  wooden  grating.  This  short  riffle  is  e 
saving  the  gold  and  catches  about  two-thirds  of  the  tol 
recovered.  The  upper  end  of  the  sluice  is  cleaned  up 
quently  than  the  lower  end.    The  lower  riffles  are  mi 


w  \ 


L 
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Range.  The  district  was  discovered  in  1863  and  the  t 
established  and  made  the  county  seat  of  Nye  Coun 
The  placer  production  of  the  district  has  been  unimpo: 

In  1932,  an  attempt  was  bein?  made  to  work  a  pb 
one  mile  southwest  of  lone.  Here,  the  surface  debris 
of  one  or  two  feet  is  said  to  average  over  $1  per  cubic 
equipment  for  mining  and  treating  this  placer  materi 
of  two  drag  line  scrapers,  a  specially  designed  { 
machine,  and  a  power  plant.  The  placer  machine  i 
Figure  32.  Water  required  for  washing  the  placer  n; 
piped  to  the  plant  by  gravity  flow  from  lone. 

The  material  was  transported  to  the  machine  by 
scraper  of  about  one-half  cubic  yard  capacity.  The  n 
brought  up  an  inclined  runway  and  dumped  over  a  g. 
which  the  undersize  was  screened.    The  fines  containi 


Figure  32.  Placer  sold  m&cblne  of  special  deslBn  at  lo 
are  treated  on  a  series  of  small  shaking  sluices  fron: 
gold  and  black  sands  are  discharged  at  one  end.  1 
from  the  machine,  along  with  the  grizzly  oversize  ai 
too  coarse  to  pass  through  the  screens,  are  discharg 
at  one  side  of  the  machine,  where  they  are  picked  up 
to  time  by  another  drag  line  scraper  and  piled  soe 
away.  The  entire  cost  of  the  plant  was  in  the  neigl 
$16,000. 

Tlie  plant  had  not  been  in  operation  long  enough  U 
its  capacity  or  efTiciency  at  the  time  of  the  visit. 
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miles  distant.  In  addition,  the  drag  line  scraper  wi 
by  a  gasoline  power  shovel.  Due  largely  to  lack  of 
operation  has  not  been  commercially  successful. 

The  bedrock  in  the  greater  part  of  the  placer  area  L 
of  sedimentaries,  principally  slates  and  shales.  The  go 
mainly  at  the  heads  of  the  shallow  ravines,  and  pre 
has  not  traveled  far.  The  gravel  varies  in  depth  fron 
to  3  feet,  and  consists  of  small  size  material. 

mABBTT  KOIiB  DISTXIO* 

The  Rabbit  Hole  Spring  placer  area  is  north  and  wes 

Hole  Spring  and  about  five  miles  northeast  of  Placerite 

Placer  mining  has  been  carried  on  in  the  district  in  ri 


by  sniiill  scale  hand  methods.  In  one  instance  the  i 
hauleti  a  distance  of  four  miles  to  Rabbit  Hole  Spring 
ing  in  a  rocker.  The  gold  bearing  gravels  occur  in  ; 
sides  of  a  number  of  small  ravines.  The  best  values 
near  the  heads  of  ravines,  also  on  slopes  above  the  rai 
average  depth  of  the  gravels  worked  is  about  three 
on  a  false  clay  bedrock.  Both  coarse  and  finely  divit 
found,  and  it  is  associated  with  a  coiisiderable  amoui 
sand.  The  gravel  is  rough  and  angular,  rather  small. 
but  few  Iwulders,  which  do  not  usuallj"  exceed  14 
diameter. 

In  the  autumn  of  1932  a  companj"  began  operations  < 
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Above  the  town  of  Unionville  a  new  placer  discovery 
in  1931.  Here  the  gravel  is  from  6  to  10  feet  deep  w 
streak  on  bedrock  from  2  to  3  feet  thick.  In  1932,  sev 
scale  placer  operations  were  being  carried  on  in  the  dis 
the  earnings  were  reported  as  high  as  $10  per  day.  C 
are  handicapped  by  the  scarcity  of  water. 

WSATSk  OAKTOX 

Weaver  Canyon  is  one  mile  south  of  the  mining 
Rochester,  and  lies  between  the  mining  camps  of  Roct 
Packard.  The  canyon  is  about  two  miles  long  and  has  i 
course.  It  has  been  prospected  and  a  small  production 
by  hand  methods  in  early  days.  The  gravels  are  an; 
contain  some  large  boulders.  The  ores  of  the  Colligan 
other  mines  at  the  head  of  the  Canyon  contained  gold, 
thought  the  placer  gold  was  derived  from  these  sourt 
suggested  that  this  canyon  may  be  worthy  of  further 
ing  for  profitable  pockets  in  the  alluvium. 

WASHOE  OOUNTY 


Little  Valley,  in  which  the  profitable  placers  were  fou 
the  southwestern  comer  of  Washoe  County.  It  occupies 
trough  four  miles  long  having  a  north  and  south  axis, 
the  eastern  slope  of  the  Sierras  at  an  elevation  of  6,500 : 
valley  was  formed  by  a  fault  parallel  to  the  axis  of  1 
Nevada  range. 

Although  Little  Valley  adjoins  the  Voltaire  District  c 
County  on  the  south,  it  is  wholly  in  Washoe  County  am 
form  a  part  of  any  organized  mining  district.  The  place 
were  worked  in  the  early  days,  and  the  total  yield  of  p 
is  said  to  be  in  the  neighborhood  of  $100,000. 

Aside  from  their  economic  importance,  the  placer  de 
interesting  from  a  geological  viewpoint,  as  they  occur 
tiary  river  channel.  This  ancient  channel  has  been  tri 
a  point  near  Incline  on  Lake  Tahoe  to  a  point  a  shor 
east  of  the  south  end  of  Washoe  Lake.  In  places  the  riv 
are  overlain  with  rhyolite  and  andesite  flows.  The  gr: 
sist  of  well-rounded  pebbles  and  boulders.  The  latter  we 
from  the  bedrock  mass  of  the  Sierras,  and  consist  of 
schist,  granodiorite,  and  other  rocks.  In  the  early  days 
productive  part  of  the  channel  was  in  Little  Valley,  sev 
southwest  of  Franktown.    It  is  reported  that  placer  gi 
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The  old  workings  in  Water  Canyon  are  outlined  by  piti 
ings  extending  up  the  canyon  for  about  a  mile  west  of 
doned  camp  of  Joy.  The  richest  part  was  near  the  lo\ 
Water  Canyon  where  the  channel  is  narrow  and  the  gn 
10  feet  deep.  At  this  point  the  pay  streak  on  bedrock 
18  inches  thick,  overlain  by  6  to  13  feet  of  overbun 
contained  a  little  gold  irregularly  distributed.  The  g( 
bedrock  was  fairly  coarse,  and  nuggets  ranging  in  v 
$2.50  to  $10  were  found.  Concentrate  from  the  grave 
scheelite  (calcium  tungstate),  a  heavy  white  minei 
makes  a  separation  of  the  gold  more  difficult. 

The  scarcity  of  water  and  the  short  mining  season  m 
mining  difficult.  Small  scale  methods  were  used  by 
miners.  In  recent  years  numerous  unsuccessful  attei 
been  made  to  work  placer  claims  in  the  district. 


The  Osceola  district  is  on  the  west  flank  of  the  Sm 
in  southwestern  White  Pine  County,  40  miles  southeast 

The  first  placer  discovery  in  the  district  was  madi 
Versan  in  1877.  The  placers  are  distributed  over  a  ^ 
which  includes  Dry  Gulch  and  Grub  Gulch  in  the  : 
vicinity  of  the  town  of  Osceola,  Weaver  Creek  and  tl 
and  Summit  placer  diggings.  Estimates  of  the  total  ] 
of  placer  gold  in  the  district  range  from  $2,000,000  to  i 

The  main  placer  workings  are  in  Dry  Gulch  and  G 
which  are  the  principal  drainage  channels  in  the  immed 
ity  of  Osceola.  The  most  productive  placer  areas  i 
Nevada  occur  in  these  two  gulches  and  their  alluvial  1 
gulches  are  dry  the  greater  part  of  the  year  and  the  ( 
available  is  from  small  springs  nearby. 

The  placer  deposits  in  Dry  Gulch  and  Grub  Gulch  a 
feet  deep  at  the  upper  ends  of  the  gulches  and  25  to 
the  lower  parts.  Usually  the  gold  is  more  or  less  dia 
through  the  gravels,  but  the  principal  pay  streak  is  nea 
The  bedrock  is  shale,  limestone  and  quartzite.  The  gr 
tain  but  few  large  boulders.  The  gold  is  both  fine  a: 
Several  large  nuggets  were  found  in  the  early  days,  oni 
was  worth  about  $5,000  and  the  others  about  $2,500  e 
gold  is  about  850  fine. 

For  several  years  following  their  discovery,  these  pli 
worked  by  ground  sluicing,  rockers,  and  sluice  boxes  w 
was  available.    It  is  reported  that  about  350  placer  mi 
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HOW  BULUON  IS  PAID  FOR  AT  THE  UNITED  8TA' 

Gold  from  the  mines  reaches  the  mint  in  the  form  i 
cakes  and  bars,  nuggets,  grains,  and  dust,  nearly 
impurities.  The  larger  producers  usually  reduce  the  g 
which  is  the  most  desirable  form.  Native  gold,  tli 
been  melted,  is  generally  the  product  of  the  placer 
as  a  rule  it  contains  impurities  in  the  form  of  iron  ( 
or  particles  of  quartz,  or  minute  pieces  of  iron  or  li 
impurities  cause  a  loss  in  weight  when  refining  the  g< 
loss  varies  from  2  to  6  per  cent  of  the  gross  weight, 
cakes  are  derived  from  either  lode  or  placer  gold  n 
mercury  has  been  used  and  the  amalgam  retorted, 
of  gold  gives  the  greatest  loss  in  melting  because  t 
usually  has  not  been  completely  retorted.  The  shrin 
incomplete  retorting  of  the  mercury  may  range  from 
cent  of  the  gross  weight. 

The  regulations  covering  the  receipt  of  gold  bul 
United  States  mints  state  that  a  deposit  must  ordii 
$100  value  before  it  can  be  received.  However,  as  a 
small  placer  miner  a' temporary  order,  issued  June  2, 1 
izes  the  mints  to  accept  a  deposit  of  $40  or  more  in  ^ 

Deposits  of  gold  may  be  made  at  the  mints  in  p( 
mail  or  express,  or  the  owner  may  employ  a  corre 
deposit  it  for  him.  When  forwarding  crude  gold  to 
necessary  to  prepay  transportation  charges,  and  al 
separate  mail  a  letter  of  instructions  which  contain 
tion,  approximate  weight  and  estimated  value  of  the 
what  method  of  payment  is  desired;  whether  in  bai 
on  the  Treasurer  of  United  States,  or  by  cash  fo 
express  or  registered  mail.  For  the  purpose  of  enablii 
to  compile  correct  statistics,  depositors  of  crude  s 
from  mines  are  required  to  state  the  name  of  the 
mine  or  mining  district. 

The  methods  and  processes  of  assaying,  refining, 
the  value,  and  payment  of  gold  sent  in  by  depositor 
an  ordinary  business-like  manner,  and  in  such  a  way 
accuracy  and  promptness  in  making  returns.  Paymen 
in  from  two  to  five  days  after  they  are  received.  E 
of  gold  is  kept  separate  until  after  it  is  melted,  assa; 
exact  value  ascertained,  based  on  the  weight  after  me 

In  the  process  of  assaying  gold  and  silver  bullion, 
fixed  1,000  units  as  a  base  for  determining  purity, 
gold  is  said  to  be  780  fine  it  contains  780  parts  of  pi 
of  1,000  in  the  troy  ounce,  and  the  value  per  ounce 
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wherein  the  title  to  mining  locations  and  other  Iocai 
the  mining  laws  of  this  State  are  in  dispute. 

Many  mines  have  been  discovered  by  prospectors  vin 
"grubstaked,"  that  is,  supplied  with  food  and  equipmei 
who,  in  return,  are  to  share  in  discoveries,  usually  up 
basis.  In  order  to  have  proper  legal  standing  such  con 
be  recorded. 

HININa  OH  BAII.BOAD  GBANT  IJUIDS 

The  Southern  Pacific  Railroad  Company  owns  oi 
rights  in  many  thousands  of  acres  of  desert  land  in  Nt 
question  is  often  asked:  "What  right  have  I  to  a  r 
covery  I  have  made  upon  railroad  grant  land  ?" 

When  railroad  grant  lands  have  been  patented  by  1 
company  no  one  may  obtain  title  to  any  mineral  there 
the  same,  without  first  purchasing  or  leasing  the 
Southern  Pacific  Company,  Land  Department,  San 
California. 

Therefore,  the  discoverer  should  first  write  to  the  E 
Receiver,  United  States  Land  Office,  Carson  City,  Neva 
if  the  land  has,  or  has  not,  been  patented.  If  the.rai 
land  has  not  been  patented,  a  discovery  of  valual 
thereon  should  be  located  and  recorded  in  the  usual  r 
the  fact  should  be  reported  by  letter  to  the  Chief  o 
Division,  United  States  General  Land  Office,  Custom 
Francisco,  California.  The  General  Land  Office  the 
attention  of  Southern  Pacific  Company  to  the  mineri 
of  the  land,  for  lands  of  known  mineral  character  we 
from  the  railroad  grant  and  may  not  be  patented.  ' 
controversy  is  then  re-examined  by  mining  geologist 
by  the  railroad  company  and  also  by  mineral  inspecto 
General  Land  Office.  If  the  railroad  company  conced 
eral  character  of  the  land,  it  is  at  once  excluded  from 
grant  selection  list.  In  case  of  disagreement  betwee 
neers,  a  hearing  is  held  before  the  Receiver  of  the 
Office  at  Carson  City,  Nevada.  After  the  Receiver  ha 
sworn  testimony  of  all  witnesses  either  side  cares  to 
will  render  a  decision  as  to  the  mineral  or  nonminert 
of  the  land  in  controversy,  and  eliminate  from  the  ra 
pany's  selection  list  all  of  the  mineral  land  by  legal  s 
after  which  the  mining  locations  thereon  may  be  pat 

Such  a  determination  of  the  mineral  or  nonmineral  c 
railroad  grant  lands  selected  for  patent  is  entirely  w 
to  the  locator  of  the  mining  claim  thereon. 
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author  had  the  able  assistance  of  Thomas  P.  T 
a  topographic  map  of  the  southeastern  part  of 
will  appear  in  the  final  report,  and  plotted  most 
the  eastern  part.  On  October  6,  the  party  was 
E.  Thomas,  who  rendered  valuable  aid  and  w! 
for  both  the  topography  and  geology  of  the  w 
the  area. 

Throughout  the  investigation  and  subsequent 
had  the  whole-hearted  cooperation  of  the  owner 
Mr.  Richard  L.  Smith,  resident  engineer,  who 
ties  of  an  excellent  camp,  maps,  numerous  cl 
reports,  diamond  drill  cores  and  core  records,  ai 
tion  at  the  disjjosa!  of  the  party.  The  writer  h 
of  a  day  of  consultation  in  the  field  with  John  A 
of  the  Mackay  School  of  Mines  and  the  State 
Professor  Vincent  P.  Gianella,  and  the  late  Pi 
Jones,  both  of  the  Mackay  School  of  Mines. 
Carpenter,  of  the  same  institution,  very  kind 
writer  to  examine  an  early  report  he  had  made 
Mr.  H.  G.  Ferguson  contributed  the  informatic 
geology  of  the  Paradise  Range.  Professor  ] 
Columbia  University,  obtained  X-ray  diflfracti 
number  of  minerals,  and  W.  T.  Schaller,  Chi 
Jewell  Glass  determined  or  aided  in  the  determ 
ber  of  minerals.  Mr.  F.  M.  Spencer,  U.  S.  I 
kindly  permitted  the  use  of  a  patent  survey  map 
shortly  before  the  writer's  arrival.  This  map 
for  the  topographic  and  geologic  map. 

GEOGBAPHT 

LOCATION 

The  deposits  of  brucite  and  magnesite  descril 
are  located  on  the  rugged  western  slope  of  the  I 
northwestern  Nye  County,  Nevada.  They  lie 
moth  mining  district,  and  the  area  embraced  ii 
claims  of  the  United  States  Brucite  Corporation 
Sec.  26,  most  of  the  north  part  of  Sec.  35,  part 
14  of  Sec.  36,  and  a  small  fraction  of  the  southv 
all  in  T.  12  N.,  R.  36  E.  (M.  D.  B.  &  M.).  The 
by  the  map  submitted  with  this  report  inch 
ground  partly  or  wholly  covered  by  unpatentei 
patented  claims  on  a  tungsten  property  and  a  n 
to  the  Nevada-Massachusetts  Company,  Inc. 
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The  age  of  the  granodiorite,  like  that  of  similar  istrusives  in 
western  Nevada  and  in  the  Sierra  Nevada,  is  believed  to  be  Upper 
Jurassic  or  Lower  Cretaceous.  It  is  later  than  the  Lower  Jurassic 
and  clearly  antedates  the  Tertiary,  which  is  the  next  system 
represented.  The  intrusive  rocks  older  than  the  ^anodiorite 
probably  belong  to  the  same  general  magmatic  and  orogenic 
period,  and  the  intrusion  of  the  laniprophyres  undoubtedly  fol- 
lowed the  complete  consolidation  of  the  granodiorite  closely.  The 
rhyolite  dikes  may  be  of  distinctly  later,  possibly  Tertiary,  age. 

KEaiONAI,  HETAHOBPHISH 

The  fine-grained  dolomite  has  undergone  physical  changes  and 
probably  also  chemical  changes  since  its  deposition.  No  evidence 
is  furnished  by  the  area  under  consideration  on  the  problem  of 
gradation  from  limestone  to  dolomite.  The  dolomite  has  been 
recrystallized  with  an  elongation  of  the  crystals  parallel  to  the 
bedding  and  its  original  bedding  structures  are  thereby  accen- 
tuated rather  than  obscured.  Talc  and  tremolite  have  been 
developed  in  the  less  pure  layers.  Pyrite  crystals  or  limonite 
pseudomorphs  after  pyrite  is  almost  universally  present  in  very 
small  amounts.  Former  chert  nodules  have  been  changed  to  a 
granular  aggregate  of  quartz.  This  metamorphism  is  probably 
in  part  a  result  of  pressures  that  accompanied  folding  and  in  part 
a  result  of  igneous  intrusion. 

OONTAOT  HETAM0BFHI8H 

In  Granite  Gulch  east  of  camp  the  finely  laminated  dark  dolo- 
mite comes  in  direct  contact  with  the  granodiorite  with  only  a 
zone  of  whitened  dolomite  six  inches  to  one  foot  in  width  inter- 
vening. At  this  point  the  lamination  of  the  dolomite  is  bent 
down  sharply  into  the  granodiorite.  At  other  points,  where  the 
intrusive  rock  is  in  contact  with  altered  dolomite  or  magnesite, 
these  rocks  may  contain  contact  minerals,  particularly  a  light 
green  serpentine  of  the  bowenite  group.  This  material  is  most 
abundant  near  the  contacts,  but  may  occur  in  veinlets  and  irreg- 
ular masses  in  both  brucite  and  carbonate  rocks.  Its  structure 
and  relations  indicate  that  it  is  of  hydrothermal  origin.  Contact 
silicates  other  than  those  belonging  to  the  chlorite  group  are  not 
as  abundant  as  might  be  expected.  There  is  a  large  area  of 
contact  rock  containing  garnets  and  tremolite  north  and  north- 
west of  the  camp.  Isolated  occurrences  include  a  small  mass  con- 
taining large  poikilitic  garnets  in  contact  with  a  granodiorite 
dike  near  the  center  of  the  west  sideline  of  Gloria  Extension  No.  3 


16  Brucite  Deposit,  Paradise  Range,  Nevad 

claim,  and  a  mass  of  garnet  and  minerals  of  the  chlo 
the  northwest  side  of  the  included  mass  of  dolomite 
rite  southeast  of  the  lower  deposit  of  brucite.  Som 
cite  and  magnesite  contains  chondrodite,  garnet  (| 
and  apatite.  Generally  there  is  a  selvage  of  dolomi 
contact  minerals,  such  as  serpentine,  between  brucil 
diorite.  A  hard  brown  rock  containing  dolomite  ani 
erally  weathering  to  a  porous  mass  occurs  at  a  numi 
particularly  at  the  top  of  the  mountain  near  the  s 
the  upper  deposit  of  brucite. 

A  feature  of  the  contacts  between  granodiorite 
or  matmesite  and  between  brucite  and  dolomite  or 
the  development  of  compact  or  "bone"  magnesite.  ' 
is  white,  bard,  and  porcelainous,  and  generally  occui 
cluster  of  nodules.  One  of  these  aggregates  of  "bon 
occurs  at  the  contact  of  brucite  and  crystalline  mag 
lower  deposit  of  brucite,  and  another  occurs  on  tJ 
the  west  side  line  of  Gloria  Extension  No.  3  claim 
commonly  associated  with  the  hard  brown  contac 
ously  mentioned.  Beyond  the  south  end  of  the  upt 
brucite  some  of  the  masses  of  "bone"  magnesite  a 
feet  in  their  maximum  dimension.  Bone  magneslt 
veinlets  and  concretionary  masses  in  granular  magr 
mite. 

The  contact  of  granodiorite  or  quartz  diorite  dil 
cite  is  generally  marked  by  a  contact  zone  from  or 
inches  in  width,  consisting  chiefly  of  chondrodite,  b 
apatite,  garnet,  muscovite,  serpentine,  and  carboni 

None  of  the  fine-grained  dikes  of  any  kind  have 
noticeable  contact  metamorphism  of  the  carbonate  r 

HTDROTHEBUAI.  METAMORPHISM  OF  DOLOB 

The  finely  laminated  dolomite  has  been  changei 
much  of  the  area  to  a  generally  more  coarsely  cry 
of  dolomite  and  magnesite.  The  greater  part  of  1 
lized  material  hea  east  and  northeast  of  the  large  pr 
diorite.  Its  western  part,  which  is  not  clearly  mai 
a  narrow  strip  west  of  the  granodiorite  and  continm 
easterly  direction  past  the  northwest  comer  of  Bust* 
and  beyond  the  limits  of  the  area.  Its  eastern  bou 
at  the  granodiorite  contact  in  the  northwestern  p 
No.  4  claim,  and  extends  easterly  nearly  to  the  nor 
of  Gloria  No.  5,  and  thence  northerly  following  an  in 
with  embayments  and  islands  through  the  tungst 
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whereas  its  original  presence  in  the  others  is  infen 
tion  products.  One  of  the  small  masses  lies  on  ti 
the  northward  prong  of  granodiorite  300  feet  no 
center  of  Gloria  Extension  No.  3  claim.  The  otl 
east  side  of  the  granodiorite,  east  and  southeast 
or  upper  deposit  of  brucite.  Another  outcrop  cont 
dation  products  of  brucite  occurs  near  the  granc 
outside  of  but  near  the  southwest  comer  of  the  ai 
The  smaller  of  the  two  main  bodies  which  is  ki 
the  lower  deposit  (Figure  4)  is  located  on  the  wi 
northward  prong  of  granodiorite  at  the  mutual 


FifTore  4.  Lower  de[Mslt  of  brucite  viewed  from  southe 
of  bydroDUBnesite  (B)  underlain  by  bmelte  wltb  gr&nodlo 
nnd  east  (rlgbt),  and  dolomite  (D)  and  magneelta  (M)  to 
Oabbs  VaJIey  &nd  Falrvlew  Peak  lu  dlatance. 

Gloria  Extension,  Gloria  Extension  No.  1,  Gloria  E 
and  Gloria  Extension  No.  3  claims.  It  is  a  rou] 
area,  440  feet  in  maximum  length  and  250  feet  in  m 
with  granodiorite  on  the  north  and  east  sides,  rai 
west  side,  and  magnesite  and  dolomite  at  the  sc 
exposed  area  occupies  approximately  67,500  squai 
to  a  horizontal  plane. 

The  larger  body,  known  as  the  upper  deposit  (F 
the  east  side  of  the  same  prong  of  granodiorite,  8 
the  lower  deposit  and  250  feet  higher.  It  consist: 
a  north  part  1.000  feet  in  length,  and  a  south  p; 
length.    Both  parts  are  in  line  but  are  separatee 


IQ 


massive  brucite  will  turn  white  on  exposure  to  wea 
few  months,  but  the  coarsely  crystalline  material  ia 
affected.  Weathered  surfaces  of  brucite  are  cover 
white  bony  coating  which  is  generally  crackled  an 
underlying  crystal  structure  (Figure  9). 

The  massive  brucite  consists  of  an  aggregate  of  el 
distinguishable  only  under  the  microscope,  that  i 
1  to  3  mm.  in  length.  They  are  all  oriented  in 
at  right  angles  to  a  coloration  banding  which  ia 
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and  would  appear  to  present  the  greatest  proble 
ence  of  dolomite  intimately  mixed  with  much 
of  much  greater  importance  so  far  as  the  treat 
brucite  is  concerned.  Under  the  microscope  the 
seen  in  some  specimens  as  little  rows  of  dots  c 
of  the  brucite  grains,  as  interstitial  fillings  ai 
grains,  and  as  numerous  veinlets  and  larger  ma 
Figure  9.  The  presence  of  dolomite  is  indicatei 
analysis  of  cores  (Figure  10)  by  the  increase  in  ( 
as  0.29  per  cent  to  more  than  15  per  cent.  The 
of  dolomite,  which  forms  small  grains  and  veinl( 
presents  a  problem  in  the  treatment  of  the  mat 
methods  include  separation  of  the  finely-groun< 
by  gravity  or  flotation,  or  by  a  process  similar 
in  Argenteuil  County,  Quebec,*  which  depends 
cining  temperatures  of  the  constituent  mineral: 
The  amount  of  inclosed  contact  minerals,  chit 
approximately  shown  in  the  analyses  by  the  pe 
The  percentage  of  Al20a  commonly  ranges  betwi 
and  exceeds  2  per  cent  in  a  few  analyses  of  ci 
material  near  contact  with  igneous  rocks.  It  a' 
1  per  cent.  FeaOa  ranges  from  0.40  per  cent 
and  averages  about  0.75  per  cent.  The  amount 
lar  troublesome  flaky  minerals  is  negligible, 
products  of  brucite,  chiefly  if  not  wholly  hydrc 
in  irregular,  porous  veinlets  in  the  brucite  dow 
depths  attained  by  the  drill,  and  form  a  blank( 
averaging  between  10  and  15  feet  in  depth.  Mi 
magnesite  contains  some  brucite,  and  residual 
brucite  are  common. 

ESTIMATED  BBSEBVES 

Any  estimates  of  the  amount  of  brucite  shou 
sideration  several  factors  including  (1)  irreguli 
below  the  surface,  (2)  possible  pinching  and 
bodies,  (3)  the  amount  of  igneous  material  and 
(4)  the  amount  of  dolomite,  (5)  the  amount  of  n 
amount  of  oxidation  products  at  the  surface,  an 
of  cavities  and  oxidation  products  at  depth. 

It  may  be  deduced  from  an  examination  of  '. 
estimate  may  be  made  for  brucite  north  of  the 
for  an  average  depth  of  350  feet.  The  drill 
brucite  reaches  that  depth,  but  do  not  prove  tha 

•Aminnl  Report  of  tlie  Quebec  Bureau  of  Mines,  1029,  V 
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the  iimita  of  magnesite  can  be  established.  The  m 
cal  tests  made  by  the  owners  permitted  its  disi 
vicinity  of  the  iower  deposit  to  be  determined  fairl 
it  occurs  as  a  number  of  irregular  lenses  from  I 
length,  with  a  maximum  width  of  150  feet,  and  i 
able  m  the  outcrop  because  of  a  greater  tendenc 
and  stained  than  the  whiter  more  solid  dolomit 
mass  adjoins  the  brucite  on  the  south  and  wea 
lenses  are  traversed  by  granodiorite  dikes  as  thoui 
antedated  the  dikes.  The  surface  area  of  the  n 
vicinity  of  the  lower  deposit  is  approximately  66,i 
There  are  a  number  of  lenses  of  saccharoidal  mat< 
600  feet  northwest  of  those  just  described.  On 
found  to  be  dolomite  and  the  others  chiefly  magn 
with  considerable  dolomite. 

On  account  of  the  similarity  of  dolomite  and 
not  possible  to  distinguish  them  accurately  in  the 
ratory  tests  of  suites  of  specimens  must  be  made, 
mens  were  collected  in  the  area  east  and  northee 
deposit,  and  from  these  it  is  deduced  that  mag 
an  area  of  more  than  20  acres.  Magnesite  was  foi 
north  of  Tungsten  Gulch  over  1,900  feet  nortl 
deposit  and  in  the  contact  with  the  finely  lam 
south  of  the  tungsten  workings,  2,500  feet  southe; 
deposit.  There  are  large  masses  of  dolomite  w 
especially  that  surrounding  the  southern  part 
deposit,  that  along  the  south  sideline  of  the  Blues 
the  large  area  including  the  Tungsten  camp  an<j 
the  south.  This  appears  to  be  a  very  large  bo 
bodies  of  magnesite,  but  many  specimens  must  1 
determined  in  the  laboratory  before  a  more  accu 
tion  of  the  limits  and  amounts  of  magnesite  may 

DEVELOPMENT 

The  presence  of  magnesite  in  the  vicinity  of  the 
was  not  recognized  until  after  some  of  the  dian 
Jiad  been  analyzed.  Consequently,  not  nearly  so  i 
expended  in  prospecting  magnesite  as  brucite,  I 
pits  that  were  dug  in  the  vicinity  of  the  lower  dep 
the  presence  of  magnesite  and  indicated  the  n 
Four  diamond  drill  holes  were  put  down  in  the 
of  the  north  part  of  the  upper  deposit.  These  hai 
depth  of  482  feet  and  the  longest  is  213  feet  deej 
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;fore  the  deposition  of  the  Silurian.  The  Silurian  consists  of  several 
indred  feet  of  massive  dolomite  with  a  little  limestone  near  the  base. 
be  formation  is  lithologically  similar  to  the  Lone  Mountain  lime- 
one  of  Eureka. 

The  Gilmore  Gulch  formation  consists  of  sandstone,  shale,  and 
liceous  tuff.    On  lithologie  evidence  it  is  thought  to  be  of  Tertiary 

The  Gilmore  Guleh  and  older  formations  are  cut  by  numerous  dikes 
'  quartz  tatite  porphyry,  and  at  least  500  feet  of  similar  quartz 
tite,  probably  a  &ow,  overlies  the  Gilmore  Guleh  formation. 
After  weathering  and  erosion  of  the  rhyolitc  about  150  feet  of  domi- 
intly  tuffaceous  sediments  were  laid  down.  These  sediments  are 
tnilar  in  character  to  those  of  the  Esmeralda  formation,  of  upper 
iocene  age,  and  are  herein  designated  Esmeralda  (T)  formation. 
Overlying  the  Esmeralda  ( !)  formation  are  flows  of  andesite,  dacite, 
id  rhyolite. 
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days  during  1930  the  writer  was  ably  assisted  i 
ping  by  Siemon  W.  Muller.  The  writer  gratefu 
assistance  received  from  all  those  with  whom  h 
tact,  particularly  Messrs.  W.  H.  Blackburn,  G. 
H.  M.  Lewers,  of  the  Treadwell- Yukon  Co.,  Lt( 
Swarbrick,  of  the  East  Tybo  Mining  Co. 

The  camp  and  principal  mines  are  in  Tybo 
drains  eastward  to  the  Hot  Creek  Valley.  At  th 
ward  from  the  camp  to  the  frwnt  of  the  range 
steep  walls,  which  rise  to  heights  of  over  1,00( 
canyon  floor.  Westward  the  canyon  opens  out 
with  gently  sloping  walls.  The  east  front  of  tl 
with  steep  slopes  in  the  interstream  areas,  but 
there  is  a  gradual  slope  from  the  crest  to  the  vt 
The  lowest  point  in  the  area  mapped,  on  the  fr 
about  IV2  miles  south  of  the  mouth  of  Tybo  Can 
tude  of  about  6,200  feet '  above  sea  level.  The  '. 
the  ridge,  north  of  the  canyon,  exceeds  8,400  feet 
There  is  no  permanent  natural  surface  flow  in 
an  adequate  water  supply  for  the  camp  is  obtain 
in  the  open  part  of  the  valley,  and  the  water  fi 
ample  for  milling. 

The  topographic  map,  which  serves  as  a  basis 
map  (Plate  1),  was  made  by  reconnaissance  met 
fore  is  only  approximately  accurate.  The  base  use( 
the  surface  plant  of  the  Treadwell- Yukon  Co.  Th 
tions  of  various  points,  such  as  shafts  and  house 
map,  were  plotted  on  a  reduced  scale  on  the  plane- 
with  these  positions,  which  were  included  in  ai 
3,000  by  1,000  feet,  as  a  base,  intersections  were 
a  Gurley  compass  as  alidade,  on  a  sufficient  nui 
points  to  serve  as  controls  for  topographic  sketcl 
the  error  increases  outward  from  the  base,  but 
bordering  Tybo  Canyon  within  a  mile  of  the  Tybc 
able  error  of  position  does  not  exceed  200  or  30( 
outer  portion  of  the  area  the  error  may  be  much  la 
were  determined  by  aneroid  barometer,  and  thougi 
ever  possible  the  error  may  be  of  the  same  orde: 
The  datum  used  was  the  altitude  of  6,700  feet  ab 
given  on  the  maps  of  the  Treadwell-Yukon  Co.  for 

2  G  shaft. 

'All  BitftudeH  given  In  tbls  rc]H>rt  ore  based  im  aneroid  n 
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where  an  anticline  gives  an  elliptical  area  of  outc 
feet  wide  along  the  creek,  truncated  on  the  south  1 
and  extending  northward  from  the  2  G  fault  fo 
The  base  of  the  formation  is  not  present,  and  in  t 
there  is  much  minor  folding  and  crumpling  (Fig.  I 
impossible  any  close  estimate  of  thickness.  Howe 
or  3,000  feet  is  probably  exposed. 

The  formation  consists  in  large  part  of  gray  ci 
vidual  bands  do  not  exceed  a  few  inches  in  thickne: 
with  the  chert  is  a  varying  amount  of  bluish-gray 
in  thin  bands.  The  limestone  appears  to  increase  i 
the  top  of  the  formation,  and  at  the  Swarbrick  up 
the  crest  of  the  anticline  the  limestone  exceeds  t 
ume.  Near  the  top  of  the  formation,  shale  is  inter 
chert,  and  the  contact  with  the  overlying  Tybo 
tional.  The  uppermost  chert  beds  were  indude 
brick  formation,  and  thus,  as  mapped,  the  uppen 
feet  is  in  places  dominantly  shale,  containing  mo] 

The  formation  is  prevailingly  thin-bedded,  and 
in  the  area  in  which  it  crops  out  is  consequently  '. 
lacks  the  prominent  cliffs  that  mark  the  higher 
Ordovician  limestones.  On  the  other  hand,  it  is  mi 
ant  than  the  shales  of  the  Tybo  formation,  whi 
overiie  it;  consequently  there  is  a  marked  ate 
canyon  walls  within  the  area  occupied  by  this  foi 

Tybo  shale — The  Tybo  shale,  named  for  its  ex| 
Canyon  near  the  camp  of  Tybo,  consists  domir 
olive-gray  to  dark  shale.  The  lithologic  different 
basal  part  of  the  Tybo  formation  and  the  under! 
formation  are  not  sharp.  For  purposes  of  mapp 
taken  as  t^e  top  of  the  highest  chert  bed  of  the 
mation.  Thin  beds  of  limestone  and  calcareous 
cretions  trf  dense  gray  limestone  appear  near 
formation,  and  the  transition  between  shale  ani 
thin-bedded  limestone  of  the  Hales  formation  is  : 
sharper  than  the  transition  at  the  base  of  the  for 

The  exposures  are  not  as  good  as  those  of  the  of 
and  as  the  shales  are  much  crumpled  no  close  i 
thickness  is  possible.  As  measured  across  the  st 
mation  on  the  basis  of  average  dips  observed  and 
underlying  and  overlying  formations  it  appears  pi 
total  thickness  is  about  1,600  feet. 
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is  unknown  and  the  Uthology  of  the  limestone  is  tl 
and  below,  it  is  included  on  the  map  with  the  Halei 
As  the  Hales  is  lithologically  similar  to  the  ovei 
limestone,  and  as  no  single  block  of  the  fault-block 
district  contains  both  Cambrian  and  Ordovician  fo 
tion  of  the  upper  boundary  could  not  be  determined 
the  entire  thickness  of  thin-bedded  gray  limeston 
block  north  of  the  2  G  fault  and  east  of  the  Uncli 
assumed  to  belong  to  the  Hales  formation,  giving  a  ] 
ness  of  about  3,000  feet.  The  thickness  from  tl 
highest  bed  fn  which  Cambrian  fossils  were  found 
feet. 

The  principal  area  of  outcrop  of  the  Hales  lime 
of  the  2  G  fault,  bordering  the  area  of  the  Tybo  s 
more  resistant  it  forms  an  upland  around  the  mori 
shale.  On  the  west,  where  the  dips  are  generally  st< 
tion  crops  out  in  a  ridge  between  the  Tybo  forn 
Uncle  Sam  fault.  On  the  north  the  gently  dipp 
form  the  prominent  cliff-walled  ridge  that  forms  th 
Tybo  Canyon.  The  formation  is  not  continuous  i 
limb  of  the  anticline,  as  it  is  broken  by  the  fault 
the  front  of  the  range,  but  it  forms  the  crest  ant 
of  the  ridge  facing  the  valley  south  of  the  canyon  a 
ent  on  the  corresponding  ridge  north  of  the  canyoi 
Dr.  Charles  E.  Resser  reported  as  follows  on  1 
lected  from  the  Hales  formation : 

Lot  30.73  contains  a  new  species  of  PterocephaOa, 
with  some  smaller  trilobitcs  indicates  the  same  forniji 
that  occurs  in  the  Eureka  district,  but  unfortunately  t 
not  plaeeable  in  any  determined  section.  At  present 
bed  as  situated  either  in  the  upper  part  of  the  Secret 
a  little  higher  in  tlie  section.  Lot  30.72,  which  you  s 
73,  contains  trilobites  that  are  altogether  new.  The  r 
niaterial  appears  to  be  approximately  the  same,  but  thi 
opod  that  is  present  is  not  confined  to  any  particular 
widely  throujrhout  the  Upper  Cambrian.  However,  s 
I  have  been  able  to  uncover  would  place  this  material ; 
same  horizon  as  the  preceding  lot,  making  all  of  it  1_ 

OBDOVIOIAIT 
Two  formations  of  the  Ordovician  section  of  t 
trict,  the  Pogonip  limestone  and  the  Eureka  quai 
ent  in  the  Tybo  district,  but  no  Ordovician  format 
the  Eureka  quartzite  ia  present,  and  the  Eureka  c 
a  minor  extent  the  underlying  Pogonip  limestone 


branches  of  the  2  G  fault,  is  at  least  500  feet.  Foasils  from  this 
locality  were  identified  by  Dr.  Edwin  Kirk  as  Orthis  sp.  and 
LingvleUa  3p. 

Fossils  of  lower  Pogonip  age  were  also  collected  at  the  south 
end  of  the  ridge  just  north  of  the  mouth  of  the  canyon.  Here  the 
relations  with  the  neighboring  rocks  are  uncertain.  The  gray 
limestone  containing  the  Ordovician  fossils  is  in  fault  contact  with 
shaly  limestone  similar  to  that  which  crops  out  elsewhere  at  the 
base  of  the  Hales  formation  and  which  carries  Cambrian  fossils. 
The  north  end  of  the  ridge  is  capped  by  quartzite  lithologically 
similar  to  the  Eureka,  but  the  ridge  is  crossed  by  one  or  more 
faults. 

Dr.  Kirk  identified  the  following  fossils  from  this  locality : 

29-99.     Base  of  limestone  at  mouth  of  Tybo  Guleh,  north  of 
gulch. 
Lingulella  cf.  L.  pogonipeusis  (Walcott). 
Orthia  sp. 
Cystid  plates. 

Fragments  of  asaphoid  trilobite. 
Annelid  trails. 

Fossils  of  upper  Pogonip  age  were  found  within  a  much  larger 
territory,  but  it  is  possible  that  in  these  areas  there  may  also  be 
lower  Pogonip  beds,  or  there  may  be  a  gap  of  unknown  extent 
between  the  recognized  upper  and  lower  Pogonip  exposures. 

The  thickest  section  exposed  is  in  the  area  north  of  the  Dimick 
fault  and  west  of  the  2  G  fault.    Here  the  lower  portion,  exposed 
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the  quartzite  occurs  as  isolated  masses  capping 
limestone.  Its  nearly  pure-white  color,  greate] 
tation,  and  greater  thickness  serve  to  distin; 
quartzite  within  the  Pogonip  limestone,  Tw 
masses  of  what  is  believed  on  lithologic  evidenc 
quartzite  occur  along  the  Bunker  Hill  fault  n 
Tybo  Canyon. 

The  maximum  thickness  as  exposed  in  th 
only  about  150  feet.  On  the  hills  north  of  the 
ect  the  Eureka  is  present  as  a  series  of  discoi 
unequal  thickness,  the  result  of  erosion  prior  t 
the  overlying  Lone  Mountain  dolomite. 

BILUBIA2T 

Lone  Mountain  dolomite — Above  the  Eurek 
western  part  of  the  district  is  a  thick  formatior 
eral  hundred  feet  of  massive  dolomite  with  so 
the  base,  which  is  correlated  with  that  part  c 
tain  limestone  of  the  Eureka  district  which  is 
than  of  Ordovician  age. 

The  formation  is  readily  distinguishable  fn 
Pogonip  Umestone  by  its  more  massive  appea 
teristically  rough  surface.  Well-defined  beddii 
especially  in  the  dolomitic  portion.  Dolomite 
the  formation,  in  contrast  to  the  dominant  Ume: 
lying  Pogonip  limestone.  There  is,  however,  i 
dark  limestone  near  the  base  and,  as  noted  : 
places  a  little  dolomite,  apparently  unconnectec 
the  upper  part  of  the  Pogonip  Umestone. 

The  western  part  of  the  hill  north  of  Tybo  C 
the  Bunker  Hill  fault  contains  the  principal  ex: 
mation.  Here  it  rests  for  the  most  part  on  th( 
neled  surface  of  the  Eureka  quartzite  and,  whe 
directly  on  the  Pogonip  limestone.  At  the  bast 
of  variable  thickness,  generally  not  over  100  fee 
sive  than  the  underlying  Pogonip  limestone  ai 
surface,  and  above  this  is  massive  dolomite,  li 
characteristically  weathering  to  a  rough  irrej 
places  the  dolomite  contains  white  chert. 

Massive  dolomite,  which  is  considered  to  be 
mation,  although  the  underlying  Eureka  quartz 
crops  out  in  the  triangular  area  bounded  by  thi 
and  Uncle  Sam  faults. 
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specimens  of  the  shales  contain  possible  fra 
remains  that  suggest  fragments  of  Stigmaria. 

Field  work  in  1930  threw  doubt  on  the  probabi 
erous  age.  Except  near  the  Uncle  Sam  fault  tt 
dense  and  compact  than  the  Paleozoic  formation: 
additional  outcrops  were  studied  it  was  seen  th 
derived  from  siliceous  igneous  rocks,  constitut< 
part  of  the  formation,  and  that  these  tuffs  show 
tion  more  consistent  with  a  Tertiary  than  a  Ca 
The  tuffs  and  lavas  of  Triassic  and  Jurassic  ag 
part  of  the  Tonopah  quadrangle,  60  miles  to  the 
altered.  In  the  southern  part  of  the  Tybo  distri 
the  area  shown  on  the  map,  there  was  found  a  floi 
or  dacite,  similar  in  general  appearance  to  the 
overlying  the  Gilmore  Gulch  formation.  This  fl< 
interbedded  with  the  sediments  of  the  formation 
by  a  few  feet  of  sandstone  before  the  base  of  1 
latite  flow  is  reached. 

The  observations  obtainable  on  the  attitude  o 
that  although  dips  are  steep  close  to  the  Uncle  E 
to  drag  on  the  fault,  there  are  apparently  no  fold: 
mation,  and  the  attitude  of  the  higher  beds  is  t 
of  the  base  of  the  overlying  lava.  However,  th 
stone  just  east  of  the  Uncle  Sam  fault  likewise  si 
tilting. 

The  Tonopah  formation  of  the  Tonopah  distric 
least  1,000  feet  of  largely  water-laid  material  a 
the  Esmeralda  formation.  Although  it  is  more 
the  Gilmore  Gulch  formation,  its  presence  in  ap 
same  stratigraphic  position  is  perhaps  addition] 
evidence  for  a  possible  Tertiary  age  of  the  Gilmt 
tion.  The  Tertiary  deposits  of  the  Elko  region  cc 
to  Chaney,-'  a  flora  indicating  a  middle  Miocene  ( 
fore  thought  that,  notwithstanding  the  absence 
evidence  in  the  Tybo  district,  an  early  Tertiary 
upper  Miocene)  is  not  unlikely. 

TEETIABY 

Rocks  to  which  a  Tertiary  age  can  be  rather  de 
although  no  fossils  were  found  in  them,  occur  in 

'Nolan,  T.  B.,  The  iiiukTurnniid  (leolony  of  the  wpstem  I 
iiiltihiK  district.  Nevmln  ;   NcvRdn  Univ.  Bull.,  vol.  24,  pp.  1( 
"('linnpy,  R.  W.,  iH.'rsi>iml  coiiiiimiilnitlDii. 


21 


Gtctogy  of  the  Tyho  DUtriet,  Seta 


two  of  the  thin  sections  examined  the  groundmas: 
devdoped  sf^emtitic  texture. 

A  few  dikes  similar  in  general  (KimpoeitioD  a 
\iT  large  feldspar  phenooysta.  Smne  show  chigoe 
as  much  as  two  centimeters  in  length,  sparsely  s< 
the  rock.  Others  show  more  abundant  smaller  phc 
spar  three  millimeters  or  less  in  length  and  some' 
nocrysts  of  quartz.  The  smaller  feldspars  are  mi 
Biotite,  largely  altered  to  chlorite  and  seriate,  is  ] 
rare  small  phenocrysts.  Dikes  of  this  variety  o: 
noted  in  the  Tybo  mine  near  the  2  G  shaft  and  on 
the  Bunker  Hill  shaft.  The  relative  age  of  the  t 
not  determined. 

There  is  no  perceptible  metamorphism  of  the  s€ 
adjacent  to  the  dikes  other  than  a  slight  indun 
shale  of  the  Gilmore  Gulch  formation,  but  near  1 
pect,  on  the  east  front  of  the  range,  south  of  the 
is  a  small  area  in  which  the  gently  tilted  limesb 
Pogonip  has  been  altered  to  finely  crystalline  wl 
igneous  rocks  crop  out  in  the  immediate  vicinity, 
ized  area  may  be  the  result  of  contact  metamorphi 
lying  intrusive. 

Quartz  latite — A  large  mass  of  quartz  latite 
peak  west  of  the  Uncle  Sam  fault  and  south  of  1 
and  crops  out  over  a  considerable  area  west,  soui 
this  peak.  Similar  quartz  latite  is  also  found  aloi 
of  the  range,  south  of  T>'bo  Canyon  and  east  of 
fault.  In  the  principal  area  the  lava  shows  flow 
base.  This  flow  banding  has  approximately  thi 
strike  as  the  underlying  Gilmore  Gulch  formatioi 
of  the  peak  there  is  marked  columnar  jointing. 

The  upper  part  directly  below  the  overlying  sed 
weathered,  as  if  it  had  been  long  exposed  prioi 
tion  of  the  later  (Esmeralda  ?)  sediments.  In  tl 
weathered  part  the  iron  of  the  biotite  is  largely 
together  with  oxidation  of  probable  pyrite,  gives 
dish  outcrops. 

The  total  thickness  of  the  quartz  latite  exceed! 
The  flow  banding  at  the  base  and  the  presence  ( 
latite  in  two  widely  separated  parts  of  the  distr 
the  rock  is  a  flow,  but  it  might  also  be  interpreted 
sive  mass  from  which  the  cover  was  removed  by 
the  deposition  of  the  later  sediments. 
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Andeaite  and  dacite — Above  the  youngest  si 
ralda  formation?)  lies  a  series  of  andesite  and  <3 
eral  hundred  feet  in  thickness.  These  flows  difl 
texture  and  composition  in  different  places  and  ^ 
in  detail.  At  one  point,  close  to  the  power>line  i 
sion  of  lava  flows  is  broken  by  a  bed  of  white  tut 
crop  of  similar  tuflf,  showing  a  steep  dip,  was  foun 
southeast  corner  of  the  area  mapped,  near  the  t 
the  eastern  front  of  the  range.  The  dip  of  the  i 
the  western  part  of  the  district  is  less  than  that  c 
Esmeralda  ( ?)  formation,  indicating  an  unconfoi 

Rhyolite — On  the  west  edge  of  the  district  the  c 
is  formed  by  a  thick  flow  of  rhyolite.  This  n 
shows  flow  structure  at  the  base  and  columnar 
upper  part.  As  far  as  could  be  seen  from  the  roa 
this  rhyolite  forma  the  west  slope  of  the  range. 

STBUCTURE 

SUIOiABT 

The  structure  of  the  Tybo  district  is  complex,  j 
by  no  means  satisfied  that  in  the  short  time  avails 
he  has  been  able  to  make  an  adequate  explanatioi 
observed.  The  most  significant  dips  of  the  bed 
studied  in  detail  are  shown  on  the  geologic  map  ( 
attempt  was  made  to  work  out  minor  details  o 
From  the  available  data,  however,  it  is  believe 
interpretation  of  the  structural  history  of  the  i 
lows: 

In  the  area  surrounding  the  district  the  Pali 
relatively  undisturbed,  but  within  the  district  t 
folded  in  a  narrow  zone  having  a  general  northwe; 
places  the  principal  fold  was  overturned  to  the  : 
first  faulting  took  place  within  and  consequent 
turned  fold  and  was  presumably  the  result  of  re 
sion.  The  steeply  dipping  reverse  fault  was  thus 
thrust  faulting  within  the  area  of  folding  may  1: 
this  time  also.  Later  normal  faulting  took  place  : 
ent  periods.  The  old  fault  was  cut  and  displaced 
younger  faults,  but  there  was  also  later  movement 
fault  in  the  reverse  direction. 

TOLDINO 

As  far  as  known  the  Paleozoic  rocks  elsewhere  i 
Range,  though  faulted  and  tilted,  are  not  high 
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lick  and  2  G  faults  Cambrian 
the  upper  part  of  the  Pogonip 

is  north  from  a  point  a  mile 
ler  of  the  mapped  area  to  Tylx 

canyon  it  is  about  N.  30=*  W. 
south  of  Tybo  Canyon  indicate 
vertical.    What  is  apparently  1 

of  the  Tybo  mine  dips  80°  W. 
ative  to  the  fault  on  this  level 
lip.    If  the  assumption  is  corr 

of  the  710-foot  level  is  also  tht 
eversal  in  the  direction  of  the  i 

in  that  place  is  85°  NE.  and  t 
eet  to  the  northeast  of  its  pof 

kely,  the  regional  northwestei 
e  lavas  younger  than  the  Esm 
f  tilting  of  the  whole  area  con 
g  the  range  front,  the  original 
lave  been  steep  to  the  west, 
regarded  as  a  normal  fault  la 


mt  is  large,  but  the  lack  of  a 
irevents  accurate  meaauremen 
agnitude  of  2,000  feet, 
leen  intruded  in  places  along  th 
ment  the  dikes  are  narrow,  bi 
width  of  1,000  feet,  are  presem 

e  Uncle  Sam  fault  extends  noi 
rike  across  the  east  end  of  the 
one  regarded  as  belonging  to 
ault  on  both  sides,  but  on  the 
bands  of  impure  quartzite  or 
ninor  faults.  As  the  Hales  an^ 
ically  similar,  it  is  possible  th 
igonip  limestone.  No  fossils  v 
the  two  faults. 

ure  of  the  Uncle  Sam  fault  is 
s  of  quartzite,  each  less  than  ] 
le  fault,  one  south  and  one  no 
nd  section  C  C,  Plate  1.)  Th 
phite  variety  as  the  Eureka  <j 
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OEOHOBPHOLOaT 

No  geomorphic  study  of  this  portion  of  the  I 
was  made,  and  the  following  notes  are  consequei 
than  if  the  conclusions  had  been  checked  by  ol 
over  a  wider  area. 

The  high  ridges  north  of  Tybo  Canyon  show 
older  topography  at  altitudes  slightly  greater 
The  contrast  is  abrupt  between  the  rolling  upla: 
walls  of  the  present  canyon.  The  southern  ride 
ing  nearly  to  the  same  altitude  and  showing  a 
line,  is  narrower  and  no  longer  preserves  the  re 
topography.  This  mature  surface  is  also  pres 
crest  of  the  range.  A  little  waterwom  grav( 
the  divide  west  of  Tybo,  at  the  point  where  the  r. 
power  line  crosses  the  range,  at  the  height  of  : 

The  western  slope  of  the  range  coincides  wit 
rhyolite  flows,  but  as  this  old  topographic  sur 
the  rhyolite  as  well  as  the  older  rocks,  this 
directly  the  result  of  the  tilting  of  the  range 
faulting  toward  the  east,  but  must  be  a  dip  slop< 
erosion  of  less  resistant  overlying  material.  For 
no  major  movement  can  have  taken  place  on  the 
ur  other  faults  in  the  central  part  of  the  district  £ 
ment  of  this  surface. 

Similar  old  topographic  surfaces  are  found  or 
Nevada  and  probably  represent  remnants  of  i 
Pleistocene  or  late  Pliocene  surfaces  of  low 
Toquima  Range,  about  30  miles  to  the  northwes 
surface  is  preserved  at  a  general  altitude  of  al 
This  surface  was  broken  up  by  renewed  faulting 
tocene  epoch,  but  it  is  uncertain  whether  the  ran 
from  this  recent  faulting  were  formed  as  indep 
blocks  in  an  area  of  low  relief,  or  whether,  as  is 
assumed,  there  was  lirst  a  regional  uplift  foil 
faulting,  which  outlined  the  present  valleys. 
postmature  surfaces  on  nearly  all  the  basin  n 
diflferent  altitudes  is  suggestive  of  the  first  hy 
the  other  hand  the  old  surface  is  not  a  peneplaii 
original  differences  in  altitude  are  possible,  and  ii 
one  of  interior  drainage  the  old  topography  t 
dependent  on  base-levels  at  different  altitudes. 

Blackwelder''  has  emphasized  the  difference  be' 

'Blackwelder,  EUot,  Jour.  Geologj,  vol.  36,  pp.  289-311,  ] 


adjacent  portions  of  Ciilirurnln:    U.  S.  Geol.  Siiney  Bull.  208,  pp.  87-88, 
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The  cause  of  this  lowering  of  base-level  w 
but  on  looking  southeast  from  the  hills  fro 
marked  gap  appears  in  the  hills  at  the  soutli 
Valley.  Perhaps  there  has  been  a  capture  of 
Creek  Valley  by  Reveille  Valley,  which  lowere< 
laid  bare  the  pediment  of  Tertiary  rocks  tha 
east  of  the  Tybo  district. 

HISTORY  AND  PBODUCTION  07  TKI 

The  Tybo  district  is  one  of  the  older  diatri 
like  others  of  its  type,  was  first  worked  for  its 


Figure  6— Qravel  rldg«  In  Hot  Creek  Valler.  nortli 
were  rich  in  silver.  It  owes  its  recent  reopeni 
of  the  selection  flotation  process,  which  has  p 
ing  of  the  mixed  lead  and  zinc  ores  found  at  d 
The  principal  and  only  productive  mine  is  i 
the  time  of  the  writer's  visit  was  producing 
the  plane  of  the  2  G  fault.  The  Swarbrick 
developing  ore  along  the  2  G  fault.  Other  mini 
some  production  in  the  past  are  the  Gilmore 
on  the  faults  which  derive  their  names  fron 
the  Bunker  Hill  mine,  which  probably  obtai 

'Iliitfl  luiwly  from  Itlrtckliiim,  W.  JI,.  Milling  mplhoii 
ijiio  cinn-eiii ijitiir  of  the  Ti-wi(l\v<.ll-Yukmi  Co.,  Ltd.,  at 
Bur,  Mines  Inf.irniatiim  Circ.  fl4»).  Mnrch.  IIWI ;  and 
Ji>hn  B.  Farisli.  diitixl  October.  1010,  lnsi)eL'teil  throut 
Trpiidweil-Y»l;<m  Co. 


the  quartz  phenocrysts  remain  as  residuals  of  tl 
but  in  a.  few  of  the  specimens  examined  even  tl 
replaced  by  caleite  and  sericite. 

Chlorite  is  present  in  places  in  the  altered  porp] 
fault.    It  replaces  biotite,  but  is  itself  largely  rep] 

ORiaiH 

The  ore  deposition  is  clearly  related  to  the  inti 
which  for  the  mo3t  part  followed  preexisting  fau 
rectly  assumed  that  the  rock  of  the  porphyry  di 
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The  fact  that  porphyry  intrudes  what  appear 
cias  along  the  fault  is  indicative  of  near-sun 
it  indicates  that  the  porphyry,  and  by  inferei 
solutions,  penetrated  the  zone  of  active  grount 

Ore  deposits  of  this  general  type  of  mineral 
throughout  the  Rocky  Mountain  province  and 
elated  with  the  upper  portions  of  intrusive 
In  Nevada  deposits  of  this  type  tend  to  be  m< 
eastern  part  of  the  State.  On  the  basis  of  thei 
to  those  of  the  Hocky  Mountain  region,  it  has 
they  are  of  early  Tertiary  age.''  The  Tybo  oi 
similar  in  genera)  mineral  content,  may  hi 
nearer  the  surface  than  the  Rocky  Mountain 
in  general,  for  it  is  associated  with  rocks  tha 
at  shallow  depth.  The  uncertainty  as  to  the 
Gulch  formation  also  makes  doubtful  any  age 
this  formation,  as  was  first  supposed,  is  of  Ci 
may  well  be  that  the  ore  deposits  are,  as  wc 
their  mineralogy,  contemporary  with  the  bas 
the  Rocky  Mountain  region,  and  that  erosion 
ered  the  monzonitic  stock  from  which  the  rh: 
shoots.  This  leads  to  the  inference  that  the  < 
possibly  apophyses  from  larger  limestone  re 
at  depth.  On  the  other  hand,  the  Gilmore  Gu 
a  certain  resemblance  to  the  Tonopah  forma 
Its  tuflfaceous  nature,  the  apparent  presence 
flow  of  silicic  lava,  and  the  conformity  in  di] 
ding  and  the  base  of  the  quartz  latite  flow  su£ 
that  the  formation  is  of  later  Tertiary  age,  ol 
Miocene  but  probably  younger  than  the  Eocen 
tion,  then,  though  differing  in  character,  mig 
contemporaneous  with  that  of  Tonopah. 

At  Tonopah  •!  silver  ores  associated  with 
cite  give  place  in  depth  to  base-metal  sulphid 
silver.  At  Tybo  manganiferous  silver  ores,  s 
in  the  Larah  prospect,  may  represent  the  roots 
bearing  zone,  now  eroded,  and  it  is  possible  t 
silver  of  the  oxidized  ores  of  the  Tybo  mine 

'BiiUer,  B.  S.,  Ore  deposits  of  Utali:  U.  S,  Geol.  S 
pp.  105-201.  1020. 

'FergUBOD.  II.  G.,  Nevada  mining  districts :  EeoQ.  G( 
131.  11I29. 

"Nolan,  T.  B..  The  uudei-groiiiid  geolony  of  the  wpate 
tnlnlng  district,  Nevada :    Nevada  Univ.  Bull.,  vol.  24,  N 

"NolaD,  T.  B..  loc.  cir.,  p.  34. 
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in  the  flat  between  the  2  G  shaft  and  the  UncU 
contain  shallow  stopes,  giving  a  total  distance 
feet  from  which  oxidized  ore  was  obtained  m 
These  old  workings  and  the  100-  and  200-foot  levi 
cessible.  The  ore  above  the  300  level  was  in  U 
by  the  former  owners,  but  this  level  has  been  i 
by  the  present  company,  and  much  additional  ore 
The  400  level,  though  started  by  the  former  o' 
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Hales  shaft.  The  drifts  in  this  part  of  the  mil 
the  area  which  on  the  surface  shows  a  split  i 
large  mass  of  porphyry  at  the  junction  of  the  t 

The  large  body  of  porphyry  that  is  intrude 
Sam  fault  lies  a  short  distance  to  the  north  o: 
end  of  the  710-foot  level. 

Abundant  flows  of  water  have  been  encount 
Most  of  the  water  enters  not  along  the  2  G  fai 
Assures  in  the  walls  encountered  in  crosscuts, 
flow  of  water  amounted  to  500  gallons  a  minute, 
additional  crosscutting  had  been  done,  the  amc 
appreciably  less. 

DnaOK  MINE 

The  Dimick  mine  (Plate  3) ,  now  owned  by  the 
Co.,  Ltd.,  was  not  accessible  at  the  time  of  vis: 
accessible  at  the  time  the  examination  was  mac 
owners  are  shown  in  Plate  3. 

The  lode  follows  the  Dimick  fault,  which  in  t 
has  Pogonip  limestone  on  the  north  and  massiv 
Lone  Mountain  dolomite  on  the  south.  Narrow 
and  brecciated  porphyry  occur  in  places  along 
The  dip,  as  indicated  by  the  shafts  and  prospe 
averages  about  78°  N.,  but  a  flattening  in  depth  , 
suggested  by  the  mine  map. 

The  principal  known  workings  extend  from 
and  lie  beneath  Air  Shaft  Ridge.  The  air  shaft 
of  a  small  calcite  vein  with  steep  southerly  dip 
depth  with  the  workings  on  the  northward-dipp 

It  is  not  known  how  extensive  were  the  wo 
Dimick  shaft,  200  feet  east  of  the  Whim  shaft, 
on  the  map  to  the  east  of  the  shaft  apparently 
any  vein. 

The  production  of  the  mine  is  unknown  but  wa 
Specimens  from  the  shaft  dumps  show  consideral 
and  where  the  vein  crops  out  farther  west,  near 
Air  Shaft  Ridge,  it  consists  of  coarsely  crystallii 
maximum  width  of  15  feet.  It  is  possible  that  pc 
ment  on  the  Uncle  Sam  fault  has  depressed  th 
ore  and  that  exploration  of  the  Dimick  fault  in  dt 
ally  be  desirable. 

Small,  steeply  dipping  calcite  veins  have  bee 
places  on  Air  Shaft  Ridge. 
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small  shoots  along  the  fault,  associated  with 
Development  work  consists  of  two  tunnels, 

feet  long,  and  a  shaft. 

KEB  PBOSPEOT 

The  Ker  prospect  is  on  the  north  side  of  1 
half  a  mile  below  the  camp  of  Tybo.  The  c 
Swarbrick  formation,  consisting  of  gray  calci 
strikes  N.  25°  E.  and  dips  50°  NW.  A  shear  i 
out  notable  faulting,  which  strikes  N.  70°  V 
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GEOLOGY  OF  THE  TUNGSTEN  DEPOSITS 
NEAR  MILL  CITY,  NEVADA 

B,  PAUL  F.  KERR 

INTRODUCTION 


Mill  City  stands  among  the  important  tungsten  producing 
istricts  of  the  world,  and  is  at  present  the  chief  producing 
sposit  in  the  United  States.^  In  1931  it  produced  1,055  short 
ins  of  concentrates  with  60%  WOj  equivalent,  or  about  75% 
'  domestic  production.^  This  amounted  to  approximately  one- 
xth  the  production  of  the  Kiangsi  tungsten  mines  in  China,  and 
3out  one-third  the  production  of  the  Malay  Peninsula  for  the 
»me  year.  Geologic  studies  and  mining  estimates  indicate  that 
•e  reserves  are  available  to  considerably  increase  this  production 
id  it  is  estimated  by  the  operators  that  in  normal  times,  with 
■asonable  prices,  sufficent  concentrates  could  be  produced  to  care 
)r  the  demands  of  the  United  States. 

The  tungsten  occurs  in  scheelite  associated  chiefly  with  quartz, 
arnet  and  epidote.  The  ore  bodies  are  vein-like  in  form  but  have 
>en  produced  by  contact-metamorphism  of  thin  limestone  mem- 
;rs  in  a  siliceous  sedimentary  series.  The  associated  sediments 
ive  been  metamorphosed  to  hornf  ela,  slate  and  quartzite.  Extreme 
iformation,  faulting  and  fracturing  have  separated  the  ore  bodies 
ito  isolated  nearly  vertical  segments  arranged  en  echelon  along 
bearing  of  about  N  20"  E. 

The  contact  metamorphism  responsible  for  the  ore  is  believed 
I  be  due  to  the  intrusion  of  granodiorite.  The  later  stages  of 
istrusive  action  appear  to  be  moat  closely  related  to  the  crys- 
;llization  of  scheelite.  Progressive  stages  in  the  metamorphism 
'  the  limestone  strata  may  be  interpreted  from  detailed  studies 
'  various  parts  of  the  area  and  criteria  are  available  to  determine 
le  mineral  sequence. 

During  the  summer  of  1932  an  opportunity  was  offered  to 
;amine  the  deposit  in  considerable  detail.    Both  an  underground 

'Hess,  Frpuk  L.,  TimgBten;   Miiierals  yearbook,  L".  S.  Bur.  Mines.  I!);i2-I!)TO. 
1.  271-279. 
'Fink.  Colin  G..  Tungsten,  MId.  Id<1.  1931,  p.  550. 
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f  epidote  and  garnet.  The  garnet  and  epidote  are  confined  to 
nail  segregations  in  intensely  silicified  areas,  to  small  veinleta, 
nd  to  extremely  tine,  isolated  microscopic  crystals  occasionally 
)und  along  the  old  bedding  planes. 

The  intensity  of  the  silicificationinthehomfels  appears  to  have 
;en  greater  in  the  vicinity  of  the  present  prominent  hills,  and 

is  not  unlikely  that  Humboldt  Hill,  Springer  Hill  and  Stank 
ill  may  correspond  in  a  general  way  at  least  to  more  intense 
ines  of  ailicification  in  the  sedimentary  series.  Intensity  of  silici- 
:ation  may  be  in  turn  connected  to  intensity  of  the  contact  meta- 
orphic  action  resulting  in  the  crystallization  of  scheelite.  Thus 
le  highly  silicified  hornfels  of  Humboldt  Hill,  Springer  Hill  and 
lank  Hill  may  be  a  natural  accompaniment  to  the  ore  formation 
I  the  adjacent  mines. 

LIHB8T0NE 

Limestone  strata  occur  in  isolated  beds  at  irregular  intervals 

hornfels.  The  strata  have  the  same  attitude  as  the  hornfels 
)ove  and  below  (Figure  9).  The  best  limestone  exposures  near 
le  mines  occur  along  the  ridge  west  of  Stank  Hill. 

The  beds  in  the  area  studied  may  be  divided  into  two  groups 

jparated  by  the  Stank 

lult,  as  shown  on  the  map 

Figure  7).    One  group 

:curs  west  of  the  Stank 

lult,  and  throughout  this 

roup  the  effects  of  contact 

etamorphism  have  been 

ss  severe  at  the  surface 

Figure  27).    The  second 

roup  occurs  east  of  the 

tank  fault,  and  through- 

ut  this  group  contact 

letamorphism   has  been 

:tive  and  the  beds  have 

?en  largely  replaced.      The    FIGUBE  lO.    Diagram  iUustratlng  the  orlgl- 

Bds  of  the  second  group  ^,^!;l,f*L.".'"!^^«'.''t'S?fl?7 

"        '^  an  aJteiatlon  zone  and  One  wblte  niar- 

jntain   the    principal   high  bis.     The  fine  white  marble  baa  boon 

rade  ore  penetrated  by  coarse  white  marble. 

The  beds  east  of  the  fault  vary  from  3  to  15  feet  in  thickness, 
though  the  normal  thickness  is  from  3  to  6  feet.  Faulting  has 
«n  pronounced  and  the  beds  have  been  broken  into  so  many 
gments  that  it  is  not  certain  whether  two  or  three  parallel 
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The  limestone  is  commonly  blue-gray  in  color,  although  in  some 
icposures  it  is  almost  black.  It  usually  weathers  to  a  light  gray 
3lor,  and  several  outcrops  show  a  ribbon-like  brown  and  gray 
anding  due  to  weathering.  Some  of  the  strata  are  also  some- 
'hat  sandy.  The  color  of  the  limestone  is  probably  due  to  a 
irge  amount  of  included  carbonaceous  matter.  Small  tremolite 
rystals  are  also  widely  distributed  (Figure  21).  These  crys- 
tls  occur  in  the  beds  west  of  Stank  Hill  and  may  indicate  an 
icrease  in  the  magnesium  content  of  certain  of  the  limestone 
trata. 

Contact  metamorphism  appears  to  have  produced  an  alteration 
f  the  limestone  by  stages.    First  a  greenish-white  alteration  zone 


Eis  been  produced  (Figure  10)  with  the  accompanying  destruc- 
on  of  the  dark  gray  limestone.  Numerous  examples  of  dark 
ray  limestone  remnants  entirely  surrounded  by  the  greenish 
teration  zone  occur  in  the  vicinity  of  ore  bodies.  Following 
le  greenish  alteration  recrystallization  to  fine  white  marble 
icurred,  frequently  accompanied  by  the  formation  of  white 
arous  wollastonite  (Figure  11).  The  final  stage  in  the  meta- 
lorphism  resulted  in  the  formation  of  coarse  white  marble 
xompanied  by  the  introduction  of  garnet  or  epidote  (Fig- 
re  12). 

Tremolite  appears  to  be  replaced  during  this  metamorphism 
id  carbonaceous  matter  entirely  disappears,  no  graphite  being 
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irmed.  Ore  has  not  been  found  in  the  gray  portions  of  the 
mestone  beds,  and  it  is  only  where  the  limestone  has  become 
tered  to  marble  that  the  ore-bearing  mineralization  occurs, 
umerous  remnants  of  gray  limestone,  however,  occur  in  the 
ineralized  portions  of  the  beds. 

THE  ORE  BODIES 

The  principal  ore  bodies  including  the  Humboldt-Springer  and 
tank  ore  deposits  are  distributed  along  the  western  margin  of 
le  granodiorite  intrusive  (Figure  2).  The  Sutton  beds,  not 
orked  at  present,  lie  in  a  position  more  or  less  parallel  to  the 
ain  ore  bodies,  but  on  the  east  of  the  intrusive.  For  the  moat 
»rt  the  surface  exposures  of  the  ore  are  restricted  to  an  area 
ithin  2,000  feet  of  the  margin  of  the  intrusive,  as  outlined  on 
le  area]  map  (Figure  7).  The  ore  values,  however,  vary  con- 
derably,  even  within  this  limited  area.  It  is  only  in  cases  of 
lusual  concentrations  that  extremely  high  grade  ore  is  found, 
id  these  may  occur  either  immediately  adjacent  to  the  igneous 
ass  or  considerably  removed  from  it.  Portions  of  the  replaced 
ids  may  be  found  in  contact  with  the  granodiorite,  either  ter- 
inated  by  the  granodiorite  mass  or  cut  by  intrusive  dikes. 

The  thickness  of  the  ore  body  is  usually  uniform  in  an  indi- 
dual  bed  (Figure  9) .  Beds  now  worked  are  normally  about  five 
•  six  feet  thick  and  continue  with  only  minor  variations  in  thick- 
;ss  for  distances  of  several  hundred  feet  along  the  strike.  In 
aces  the  ore  zone  is  twice  the  normal  thickness,  due  to  faults  of 
)  to  40  feet  displacement  that  cut  the  strata  at  an  angle  of  about 
i"  to  the  strike.  Where  the  beds  are  mineralized  there  appears 
'  be  little  change  in  ore  value  with  depth.  In  the  southern  part 
'  the  Stank  workings,  however,  the  ore  values  have  been  better 
1  the  lower  levels,  apparently  because  the  mineralization  has 
?en  more  intense. 

The  outstanding  characteristics  of  the  mineralized  beds  are  a 
rominent  display  of  the  contact  metamorphic  minerals  garnet 
id  epidote,  together  with  an  unusual  concentration  of  vitreous 
jartz.  The  scheelite  is  obvious  to  the  eye  in  only  a  few  places 
1  particularly  high  grade  portions  of  the  deposit.  Elsewhere  it 
3pears  as  minute  specks  disseminated  through  the  garnet  and 
Didote.  Other  minerals  occur  in  the  ore  beds,  but  garnet,  quartz 
id  scheelite  are  the  most  prominent.  The  contact,  metamorphic 
roduct,  consisting  of  masses  of  contact  metamorphic  minerals 
)rmed  in  limestone  has  been  called  "tactite"  by  Hess." 

tiK-l  uletiiiiiiiriiliisiu.    Am.  Jour.  S<ri,, 
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SOHEEIiITE 

Scheelite  occurs  in  pure  white  imbedded  crystals  with  a 
tiaracteristic  greasy  luster.  The  crystals  vary  in  size  from  a 
raction  of  a  millimeter  to  several  centimeters  in  diameter, 
cheelite  is  frequently  not  easily  seen  in  the  ore  even  in  high 
rade  specimens.  The  miners  often  wet  the  surface  of  the  rock 
I  order  to  make  the  mineral  stand  out  from  the  quartz.  The 
:heelite  fluoresces  blush  white  in  ultra-violet  light.^*^  An  excel- 
^nt  effect  is  given  by  scheelite  subjected  to  the  radiation  from 

spark  gap  arc.  Recently  an  ultra-violet  light  installation  con- 
sting  of  an  iron  spark  gap  arc  operating  on  a  high  voltage 
-ansformer  and  utilizing  a  mica  plate  condenser  has  been  found 
>  have  practical  value.  It  is  useful  both  for  the  examination 
F  mill  products  and  in  the  study  of  the  ore. 

Although  the  normal  color  of  the  scheelite  throughout  the 
sposit  is  white,  a  few  samples  of  coarse  crystallization  have  been 
)und  in  the  Stank  mine  in  which  the  scheelite  is  pale  brown.  In 
ie  bed  west  of  Springer  Canyon  yellow  scheelite  occurs,  the  color 
robably  being  due  to  traces  of  tungstite. 

Scheelite  is  for  the  most  part  anhedral  or  subhedral  in  form 
Figure  19)  and  is  not  found  free  from  a  matrix  of  embedding 
inerals.  As  previously  stated  it  is  usually  associated  with 
jartz,  calcite,  epidote  or  garnet. 

AOTINOI.ITE 

Actinolite  is  not  only  a  prominent  constituent  of  the  country 
K:k,  but  is  found  throughout  the  ore  body.  In  the  ore  beds, 
jwever,  it  appears  to  have  been  formed  as  a  later  mineral, 
illowing  the  crystallization  of  the  coarse  epidote  and  scheelite. 

may  have  been  in  part  contemporaneous  with  the  crystalliza- 
on  of  the  fine  epidote  and  part  of  the  scheelite.  On  the  whole, 
jwever,  it  appears  to  have  been  somewhat  later  than  the  min- 
■als  previously  mentioned. 


The  most  prominent  zeolite  found  in  the  deposits  is  stilbite. 

occurs  in  radial  aggregates  and  in  plates.  Stilbite  is  found 
1  vein-filling  material  along  the  cracks  and  fissures  in  dikes 
id  within  the  ore  body.  It  was  probably  crystallized  at  a  late 
age  following  the  crystallization  of  the  intrusive  mass.     In 

"Scheelite  from  Mill  City  was  not  examined  by  Van  Horn  Id  his  study  of 
loretuvDce.  The  fluoresc-enee  <>f  the  Mill  City  soheellte.  however,  is  similar  to 
e  effei.'t  he  oliserved  in  scheelite  from  a  number  of  other  localities.    Van  Horn, 

R.,  Amer.  Min.  Vol.  15,  No.  10,  Oct.,  1930.  pp.  46H69. 
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lite  fills  fractures,  cutting  the  ea 
dote  and  scheelite  (Figure  25). 
reported  in  analyses  of  the  conci 
imall  specimens  reported  occasioi 
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DTTKITSIVE  GRANODIOKI 
irite  occurs  both  in  the  main  inl 
iding  outward  and  cutting  the  h( 
bably  underlies  most  of  the  Euge 
4  a  number  of  miles  apart  may  1 
of  the  mountains.  In  the  vkini 
e  miles  of  granodiorite  are  expi 
on  the  granodiorite  is  normally 
:  is  a  pendant  having  conaiderab 
!  upper  surface  of  the  granodioritt 
ions,  however,  indicate  that  it  is 
the  sedimentary  cover  is  much  t 
vould  lead  one  to  believe.  When 
n  upon  the  overlying  granite  surf 
1  during  mining  operations,  they 
nost  vertically  without  interrupt 
;pth.  The  hornfels  -  granodiorite 
the  Stank  ore  body  is  probably  in 
ity  degrees  (Figure  29).     Even  i 
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'anodiorite  has  cut  the  ore  bed  at  right  angles  the  inclination 
steep.  Nevertheless,  in  spite  of  the  high  angle  of  contact,  it 
hazardous  to  predict  any  considerable  extension  of  the  ore 
;ds  beneath  the  present  mining  levels. 

The  weathering  of  the  granodiorite  is  apparently  influenced 
'  some  extent  by  the  abundance  of  quartz  veinlets  and  frac- 
re  blocks.  On  the  whole,  the  granodiorite  appears  to  weather 
uch  more  easily  than  the  hornfels  and  forms  the  valleys, 
hile  the  hornfels  forms  the  ridges  and  hilltops.  In  a  few  places 
nail  pyramid-like  hills  of  granitic  rock  stand  out  because  of 
'eater  resistance  to  erosion  due  to  a  large  number  of  intersect- 
g  quartz  veinlets  in  the  rock  (Figure  16). 
The  granodiorite  is  an  even  grained  holocrystalline  rock 
mposed  of  quartz,  soda,  and  soda-lime  plagioclase,  amphibole, 
otite,  and  accessory  minerals  including  orthoclase.  It  was 
assified  by  Larsen  ^  >  as  a  granodiorite,  although  further 
lamination  indicates  that  some  phases  may  be  more  nearly  a 
lartz  diorite.  Thin  sections  demonstrate  the  presence  of  the 
llowing  essential  minerals:  quartz,  andesine  (zoned  and  cor- 
ded), albite,  hornblende  (partially  altered  to  chlorite),  and 
otite  (partially  altered  to  clear  biotite  and  chlorite).  The 
otite  also  contains  included  zircon  crystals.  The  accessory 
inerals  in  the  granodiorite  are  epidote,  titanite,  calcite,  mag- 
tite,  apatite,  pyrite,  zircon,  leucoxene.  Dikes  radiate  outward 
om  the  granodiorite  in  a  number  of  places.  These  vary  from 
is  than  an  inch  in  diameter  to  several  that  are  about  100  feet 
thickness.  The  length  of  the  dike  exposed  at  the  surface,  how- 
er,  seldom  exceeds  300  to  400  feet. 

The  dikes  cut  all  phases  of  the  hornfels  and  the  ore  beds.  They 
ow  two  types  of  mineralization,  one  containing  a  concentration 
albite  and  quartz  which  occurs  along  the  margins  and  some- 
nes  constitutes  the  entire  dike.  The  other  phase  is  the  grano- 
Drite  or  quartz  diorite  phase  which  makes  up  the  centers  of 
any  of  the  dikes  and  forms  the  main  mass  of  the  major  intru- 
des. The  marginal  portions  of  the  dikes  appear  to  have  been 
reed  outward  from  the  intrusive  mass  either  as  the  central 
lases  were  being  crystallized  or  closely  following  their  crys- 
llization.  Shear  lines  appear  along  the  walls  of  the  dikes  and 
)ng  the  contact  between  the  margins  and  the  centers.  The 
ear  cracks  have  been  filled  by  later  quartz  and  are  associated 
th  quartz-albite  mineralization. 

It  is  generally  recognized  that  soon  after  the  solidification  of 
'dutnct  iiietaniorphic  tiiiiKstt'ii  depuxltH. 
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sedimentary  series,  nor  are  they  related  in  any  apparent 
hion  to  the  intrusive  contact.  The  west  side  of  Humboldt 
I,  the  vicinity  of  the  Baker  prospect,  the  crest  of  the  hill 
ve  the  South  Sutton  workings,  Springer  HiU,  the  vicinity  of 

Stank  workings  at  the  surface,  the  crest  of  Stank  Hill  and 
era!  minor  localized  areas  appear  to  have  been  more  highly 
:ified  than  adjacent  areas.  These  zones  are  irregular  in 
pe;    in  fact,  the  outlines  are  so  obscured  by  gradation  into 

normal  hornfels  that  the  zones  can  only  be  indicated  and 

accurately  mapped.  The  chief  significance  of  the  zones  of 
:ification  lies  in  the  fact  that  in  several  of  the  areas  mentioned 
h  grade  ore  deposits  are  found,  and  in  all  the  indications  of 

appear  to  be  of  economic  importance.  In  each  case  in  which 
estone  beds  happened  to  fall  within  the  zone  of  silicification 
mse  replacement  appears  to  have  taken  place. 

HORNBLENDE-AMDESITE 

'he  hornfels  and  limestone  beds  and  also  portions  of  the 
nodiorite  are  occasionally  cut  by  small  dikes  of  hornblende- 
lesite  {Figure  17).  The  hornblende  -  andesite  appears  to  be 
entirely  later  phase  of  igneous  intrusion,  and  is  probably 
related  to  the  processes  of  ore  formation.  The  hornblende- 
lesite  is  composed  essentially  of  soda-lime  feldspar  varying 
m  extremely  fine  crystals  to  moderate  -  sized  phenocrysts. 
andant  hornblende  crystals  varying  considerably  in  dimen- 
is  are  scattered  indiscriminately  throughout  the  rock.  The 
imon  hornblende  is  green,  although  a  brown  variety  occa- 
lally  occurs  as  an  alteration.  The  accessory  minerals  are 
petite,  ilmenite,  leucoxene,  apatite,  and  titanite.  Zonal  band- 
is  common  in  the  plagioclase  which  is  chiefly  andesine  with 
le  laboradorite.  Later  veinlets  of  chlorite  cut  the  hornblende- 
lesite  in  places  and  also  penetrate  the  previous  rocks. 
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intrusive  is  important,  since  when  the  intru 
mining  will  cease. 

THE  HUHBOLDT-SPKmaEB  OKE 

The  Humboldt-Springer  workings  are  aho 
view  and  a  projected  vertical  section  in  Fig 
boldt  mine  extends  underground  for  six  leve! 
600  feet  below  the  collar  of  the  shaft.  The  3C 
by  means  of  a  crosscut  and  a  short  raise  wi 
the  Springer  mine,  and  all  operations  from 
are  now  carried  on  through  the  Humboldt  '• 
bed  upon  which  the  Humboldt  mine  has  b 
approximately  70°  to  the  northwest,  and  stri 
thickness  throughout  most  of  the  workings 
feet;  in  one  place,  however,  where  the  highe 
on  the  300  level  north  it  is  fifteen  feet.  The 
several  fault  zones  and  also  by  both  granodior 
andesite  dikes.  No  ore  is  found  in  the  dike 
occurs  on  either  aide,  however,  even  withii 
inch  of  the  margin  of  the  dike.  It  appears  t 
end  stage  solutions  which  followed  the  diki 
dikes  themselves  were  the  controlling  factors 
In  computing  ore  reserves,  the  dikes  are  mi 
gaps  in  the  ore  body,  and  in  mining  opei 
pillars. 

Recent  development  work  has  exposed  two 
segments.  One  segment  ia  ahown  in  the  p 
the  Humboldt  300  level  aouth  at  the  northern 
workings,  where  the  junction  between  the  tw( 
ore  bed  five  feet  in  width,  and  averaging  thr 
has  been  exposed  along  a  tunnel  for  approxin 
feet.  Whether  this  ore  bed  extenda  to  the  sur 
far  it  penetrates  below  the  300  foot  level  can 
by  future  exploration.  It  is  a  fair  assumptioi 
new  development  represents  a  considerable 
reserves  of  the  Humboldt-Springer  mine. 

The  other  recently  discovered  ore  bed  sej 
the  north  end  of  the  300  level  north  in  tl 
About  three  hundred  feet  of  an  ore  bed  fiftee 
probably  averaging  between  five  and  ten  pt 
been  exposed.  The  new  ore  body  has  also  be 
feet  beneath  on  the  extreme  northern  end  o: 
development  work  has  not  as  yet  been  compl 
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■w  Humboldt  ore  body  extends  all  the  way  to  the  surface  and 
)w  far  it  i)enetrates  below  the  400  level  will  need  to  be  estab- 
ihed  by  future  development.  Also,  the  distance  to  granite  on 
e  north  is  unknown,  although  it  is  probably  at  least  700  feet 
)rizontally,  judging  from  surface  exposures.  The  prospect  of 
considerable  extension  of  this  ore  body  would  appear  to  be 
lusually  good  from  the  geological  standpoint.  It  is  probable 
at  certain  outcrops  west  of  Humboldt  Hill  containing  contact 
etamorphic  minerals  and  scheelite  represent  the  surface  expo- 
ire  of  this  bed.  Since  the  main  ore  body  in  the  Humboldt  mine 
IS  been  worked  to  the  600  level,  it  is  probable  that  the  newly 
scovered  ore  bed  may  extend  at  least  to  a  similar  depth.  Addi- 
mal  pre-mineral  faulting  has  been  encountered  in  lower  lev- 
j,"  however,  and  it  is  not  likely  that  the  ore  body  will  be 
itirely  worked  out  until  additional  data  is  secured  for  the  solu- 
m  of  the  fault  system  in  the  Humboldt  mine. 
The  ore  of  the  high  grade  stope  on  the  300  level  north  consists 
liefly  of  coarsely  crystalline  masses  of  scheelite  in  a  groundmass 

tine  quartz  and  epidote.  Both  garnet-epidote  masses  and  gar- 
it  masses  containing  quartz  and  coarse  scheelite  are  also  occa- 
anally  encountered.  The  ore  of  this  stope  contains  much  more 
aible  scheelite  than  is  usual  for  the  Humboldt  mine  as  a  whole. 
}r  the  most  part  the  scheelite  is  disseminated  in  fine  specks 
rough  the  contact  metamorphic  minerals.  The  ore  in  the  lower 
id  north  end  of  the  Humboldt  mine  contains  fine  black  pyrite 
id  is  more  finely  granulated  than  in  the  upper  levels,  but  it 
ipears  to  contain  as  much  scheelite. 

As  the  mine  has  been  deepened  from  level  to  level  the  operators 
ive  been  in  fear  that  the  underlying  mass  of  granodiorite  might 
!  encountered  and  the  bottom  of  the  mine  would  be  reached.  No 
ittom  has  as  yet  been  encountered,  however,  and  it  is  clear  from 
e  depth  to  which  mining  has  been  carried  that  the  sedimentary 
p  on  the  granodiorite  mass  represents  a  pendant-like  mass  rather 
an  a  thin  veneer  as  was  supposed  by  the  early  operators  who 
■eatly  underestimated  the  size  of  the  deposit.  No  indication  of 
e  main  granodiorite  mass  has  been  encountered  in  the  lower 
vels,  the  granodiorite  cut  being  the  continuation  of  the  same 
kes  or  offshoots  encountered  at  the  surface.  One  granodiorite 
ke  extends  from  the  surface  just  south  of  the  Humboldt  shaft 
iwnward  at  an  angle  varying  from  30°  to  vertical  at  the  end 

the  500  level  south  of  the  shaft.  The  same  dike  has  been 
tnetrated  on  each  successive  level  as  the  mine  was  deepened. 
"Encountered  Id  development  work  uirK-e  llie  original  text  wns  written. 
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tcciation  containing  blocks  of  granodiorite,  limestone,  and 
sis.  The  blocks  measure  from  a  few  inches  to  several  feet 
imeter,  and  are  disarranged  in  a  heterogeneous  mass  of 
brecciation.  The  Summit  ore  body,  together  with  the  adja- 
ornfela  and  unreplaced  limestone  beds,  appears  to  represent 
k  west  of  the  Stank  fault,  while  the  Humboldt,  Springer  and 

ore  bodies,  together  with  the  adjacent  granodiorite  mass, 
ient  another  block  east  of  the  fault.  The  unreplaced  beds 
lestone  are  shown  in  the  section  west  of  the  Summit  ore 
These  limestone  beds  present  a  problem  of  importance  to 
iture  of  the  Mill  City  district.  Adjacent  exposures  of  ore 
istrate  that  the  limestone,  although  unreplaced,  is  within 
■ea  of  contact  metamorphic  action.  The  Summit  ore  body 
ielded  some  fairly  good  ore  which  was  apparently  cut  off 

bottom  by  a  pre-mineral  fault,  and  the  off -faulted  segment 
at  yet  been  located. 

it  of  the  Stank  fault  is  the  Stank  ore  body  and  a  small 
el  ore  bed  characterized  by  scheelite  of  a  yellowish  tint 
nsible  for  the    name   "yellow    scheelite    ore   body."     The 

ore  body  has  been  opened  to  the  800  level  with  a  dip  vary- 
■om  70°  to  the  west  to  vertical-  In  the  lower  levels,  how- 
the  dip  is  reversed  and  the  ore  body  inclines  at  an  angle 
jut  80°  to  the  east. 

>  Stank  ore  body  is  shown  in  both  plan  and  elevation  in 
e  29.  The  best  exposure  of  the  contact  between  the 
diorite  mass  and  the  ore  body  may  be  found  underground 

the  northern  margin  of  the  Stank  workings.  The  con- 
las  been  exposed  from  the  surface  downward  to  the  800 
with  several  off-shoots  penetrating  a  few  hundred  feet  out- 
and  cutting  the  ore  bed.  The  contact  between  the  ore  bed 
le  granodiorite  is  irregular,  with  numerous  bench-like  exten- 
of  the  igneous  mass  exposed  along  the  open  workings.  The 
as  been  removed  for  a  vertical  distance  of  eight  hundred 
a  narrow  open  stope  eight  or  ten  feet  in  width  remaining, 
he  hanging  wall  standing  for  the  most  part  without  sup- 
[Figure  9).    All  of  the  workings  are  not  accessible,  but  in 

places  the  granodiorite  can  be  observed  in  contact  with  the 
els  of  the  adjacent  hanging  wall  and  foot  wall  of  the  ore 
and  in  the  lower  part  of  the  workings,  where  ore  still 
ins,  a  sharp  contact  is  visible.  The  scheelite  in  the  ore 
xtends  to  within  a  few  inches  of  the  granodiorite  without 
-  increase  or  loss  of  ore  value.  This  is  typical  of  the  situa- 
vhich  appears  to  hold  true  throughout  all  of  the  contact  areas 
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ring  future  operations  along  the  beds  now  being  worl 
jthward  extension  is  possible  in  the  lower  levels  and  a  c 
erable  area  of  unexplored  sedimentary  rock  exists  betw 
!  present  south  end  of  the  Stank  mine  and  the  Codd  prosp 
rhe  same  problem  regarding  the  granodiorite  floor  beneath 
limentary  series  exists  in  the  Stank  mine  that  has  been  i 
ised  in  connection  with  the  Humboldt  mine  and  the  ans'' 
equally  uncertain.  Operations  have  followed  the  repla 
lestone  bed  in  the  Stank  mine  to  a  depth  of  over  800  feet,  i 
lications  of  striking  the  underlying  granodiorite  are  no  m 
indant  than  at  the  surface, 

THE  SUTTOy  BEDS 
Mining  operations  were  conducted  during  the  early  hist 

the  district  along  the  Sutton  beds.  These  consist  of  i 
sely  parallel  limestone  beds,  about  forty  feet  apart,  net 
"tical  in  attitude,  and  exposed  intermittently  along  a  noi 
ith  line  on  either  side  of  the  town  of  Tungsten,  for  a  ti 
tance  amounting  to  about  5,000  feet  between  the  extn 
rth  and  south  operations  (Figure  2),     The  two  beds  n 

traced  by  occasional  exposures  south  from  the  southe 
ist  operation  for  at  least  an  additional  mile.  The  east  be( 
rmally  from  2'/2  feet  to  5  feet  thick,  while  the  west  bed  vai 
im  2  feet  to  4  feet  in  thickness.  The  Sutton  beds  are  Up 
iassic  in  age,  and  furnish  one  of  the  few  fossil  horizons  in 
;a.  Hornfels  occurs  both  between  the  two  beds  and  on  eit 
le. 

Exposures  along  the  Sutton  beds  are  intermittent  due  to  \ 
pes  covered  with  soil  and  loose  rock  debris,  areas  of  intruf 
inodiorite  and  faulting  which  has  displaced  certain  porti 
'Oral  hundred  feet.  The  rounded  hillslopes  yield  poor  ex 
■es,  which  make  surface  mapping  difficult,  and  leave  mj 
ps  without  reliable  field  evidence.  Two  large  areas  of  int 
e  granodiorite  and  a  number  of  dikes  cut  the  beds.  One  int 
e  area  on  which  the  town  of  Tungsten  is  situated,  ellmim 
proximately  2,000  feet  of  strata.  East  of  Humboldt  Hill 
other  large  area  of  intrusive  granodiorite  which  termins 
;  Sutton  beds  on  the  north.  Faults  almost  at  right  angles 
;  strike  of  the  sedimentary  strata  have  offset  portions  of 
tton  beds  for  several  hundred  feet  in  a  number  of  instam 
if ortunately,  from  the  standpoint  of  mining,  the  beds  have 
ly  been  offset  but  have  been  broken  into  numerous  small  : 
ed  segments  seldom  exceeding  60  feet  and  frequently  not  m 
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HISTORY  OF  THE  GEOLOGIC  PR< 

i'he  history  of  the  geologic  processes  may 
tns  of  a  rather  simple  sequence  of  events.  Bel 
rriaaaic  deposition  and  the  time  the  present  to 
nent  began  the  important  processes  were  meta 
intrusion,  and  deformation.  The  periods  of 
icated  according  to  the  following  order : 

(1)  Widespread  metamorphism  of  the  sed 

out  the  district. 

(2)  Deformation  either  before  or  accomi 

intrusion. 

(3)  Igneous  intrusion  and  accompanying  c 

phism  with  end-stage  alteration. 

(4)  Later  andesitic  intrusion. 

(5)  Post-intrusive  deformation. 

I,  Evidence  of  the  first  alteration  in  the  Triai 
ind  in  the  limestone.  A  widespread  metamorp 
nts  must  have  taken  place  throughout  the  dist 
it  tremolite  needles  occur  widely  scattered  tl 
lestone.  Although  the  metamorphism  produi 
,  not  destroy  the  carbonaceous  matter  in  the  li 
i.  Following  the  early  metamorphism,  there 
cturing  of  the  tremolite  crystals  in  the  limesto 
ion  by  calcite.  Mining  operations  also  demoi 
nt  of  the  limestone  strata  at  some  stage  be 
tamorphism  and  the  formation  of  the  ore  t 
/e  occurred  accompanying  the  early  stages  t 
hough  it  probably  happened  before,  since  thei 
it  the  intrusive  followed  planes  of  faulting. 
J.  The  igneous  intrusion  and  accompanying  ci 
ism  was  responsible  for  the  concentration  of 
ncipal  ore  formation  appears  to  have  occurret 
the  intrusive  action  prior  to  the  formation  of  i 
:ompanying  end  stage  effects  consisting  of  qu 
n  and  silicification.  The  processes  of  metamor 
re  been  connected  with  the  end-stage  effects  ( 
.rting  with  the  quartz-albite  phase  and  extendi: 
lilicification.  As  metamorphism  progressed  dt 
-.  limestone  occurred,  together  with  replaceme 
J  and  the  development  of  two  types  of  marble 
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bnormally  intense  shortly  sustained  temperature,  following  the 
rachy-alaskitic  intrusion;  the  second-period  D  veins  a  subsequent 
riefly  sustained  stage  of  temperature  more  normal  to  shallow  depths ; 
he  third-period  a  relatively  high  but  briefly  sustained  temperature 
nllowing  the  alaskitic  (Tonopah  rhyolite)  intrusion.  No  vein  forma- 
ion  followed  the  andeaite  eruption. 

The  history  of  faulting  is  long  and  complex ;  important  movements 
ave  tahen  place  at  every  stage  of  the  geologic  history.  These  move- 
lents  accompanied  and  were  due  to  the  volcanic  disturbances. 

Somewhat  earlier  Burgess*  reached  a  radically  different  con- 
lusion  from  that  formed  by  Spurr  as  to  the  nature  of  the  several 
orraations  disclosed  by  the  mining  operations.  He  considered 
hat  the  different  formations  originated  as  surface  flows  or 
ccumulations  of  volcanic  material,  thus  questioning  Spurr's 
onclusion  that  many  of  these  rock  masses  are  intrusive.  Bur- 
ess  also  noted  that  many  of  the  productive  veins  continue  down- 
ward from  the  Mizpah  trachyte  into  the  West  End  rhyolite,  and 
e  implied,  although  he  did  not  so  state,  that  the  mineralization 
ti  the  two  formations  is  contemporaneous. 

The  district  has  also  been  briefly  discussed  by  Locke,^  who  in 
eneral  agreed  with  Burgess  that  the  formations  are  present  in 
heir  proper  stratigraphic  sequence.  Locke  also  questioned  the 
alidity  of  Spurr's  statement  that  the  mineralization  occurred 
1  several  epochs  and  noted  that  "There  is  no  mineralogical 
istinction  whatever  to  be  made  between  many  veins  which, 
ccording  to  the  hypothesis  [Spurr's]  should  belong  to  different 
eriods."  " 

The  origin  of  the  ore  deposits  was  discussed  in  1918  by  Bastin 
nd  Laney.^  These  authors  did  not  concern  themselves  with 
ither  the  stratigraphic  sequence  or  the  geologic  structure  of 
he  district.  With  regard  to  the  ores,  however,  they  noted  that 
Mineralogic  differences  between  veins  of  supposed  different  ages 
re  commonly  no  greater  than  may  be  observed  in  different  parts 
f  one  continuous  vein,  ♦  ♦  ♦  Upon  the  sole  basis  of  the 
lineral  composition  and  texture  of  the  primary  ore  there  would 
«  little  reason  for  the  impartial  geologic  observer  to  regard 
he  principal  productive  veins  as  of  more  than  one  age,"* 

The  results  of  the  geologic  work  prior  to  1929  may  perhaps  be 

'Burgess.  J.  A.,  The  geology  of  the  producing  pnrt  of  the  TonoiMih  milling 
Utrict :    Econ.  Geology,  vol.  4,  pp.  681-712,  lOOB. 

'Iiockt',  Augnslus,  The  neology  of  Uie  Tonopah  mining  district :  Am.  Inst. 
Iln.  Eng.  Trans.,  vol.  43,  pp.  1.17-lCC,  1912. 

'laem,  p.  104. 

'Bastin,  E.  S.,  and  T^ne}'.  F.  B..  The  genesis  of  the  ores  at  Tonopnh,  Nevndii : 
'.  S.  Geol.  Surrey  Prof.  Paper  104.  1918. 

'Idem,  p.  fl. 
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It  was  also  found  that  almost  all  the  known  ore  bodies  of  th( 
istrict  had  been  localized  either  in  the  compound  fault  itsell 
r  in  branches  from  it,  and  that  there  was  no  evidence  in  favoi 
f  more  than  one  epoch  of  silver  mineralization.  It  was  alsc 
uggested  that  both  wall-rock  alteration  and  the  geothermal  gra- 
ient  may  have  influenced  ore  deposition. 

Ian  Campbell  in  1931  prepared  a  doctoral  thesis  on  the  petrog' 
aphy  of  the  rocks  collected  by  the  writer  and  himself  during 
929  and  1930.  This  thesis  has  been  used  in  the  preparation  o1 
lie  present  paper, 

SUUMABT    OF    THE    TBBTIABT  OEOLOaiC    HISTOBT   OF    THE 
TONOPAH  DISTRICT 

The  examination  of  the  mine  workings  in  the  eastern  half  ol 
he  district  yielded  information  that  gives  a  much  more  complet( 
icture  of  the  geologic  history  of  the  district,  so  far  as  it  bear: 
pon  the  formation  and  distribution  of  the  ore  bodies,  than  wai 
ossible  in  1930,  when  the  earlier  report  was  prepared.  As  m 
re-Tertiary  rocks  are  exposed  within  the  district,  this  account 
f  the  geologic  history  is  confined  to  the  Tertiary  stage  of  geo 
)gic  time. 

The  rock  formations  that  enclose  the  ore  bodies  are  all  believec 
3  have  been  derived  from  an  igneous  center  west  of  the  minin{ 
istrict,  probably  not  more  than  a  few  miles  away.  The  oldes' 
f  these  formations,  the  Tonopah  formation,  is  an  interbeddec 
eries  of  rhyolitic  flows,  volcanic  breccias  and  tuffs,  and  water 
lid  sediments  made  up  of  volcanic  debris.  In  the  eastern  pan 
f  the  district  the  very  coarse  volcanic  breccias  found  to  the  wesi 
re  lacking,  indicating  a  greater  distance  from  the  center  ol 
olcanic  activity.  During  the  period  in  which  this  formatioi 
'as  accumulating,  dark  andesitic  lavas  were  erupted  on  a' 
last  two  occasions,  and  these  flows  constitute  the  Sandgras! 
ndesite. 

After  the  accumulation  of  the  Tonopah  formation,  anothei 
sries  of  andesitic  flows,  long  known  as  the  "Mizpah  trachyte,' 
'as  erupted.  In  several  places  underground  the  basal  flows  ol 
le  Mizpah  trachyte  interflnger  with  the  uppermost  beds  of  th( 
onopah  formation.  There  is  also  at  least  one  bed  of  volcani< 
reccia  within  the  Mizpah  trachyte  some  distance  above  the  bas« 
f  the  formation. 

The  eruption  of  the  andesitic  lavas  was  followed  by  an  epoci 
f  minor  intrusive  activity.  The  earlier  of  the  two  intrusive: 
ecognized,  the  Extension  breccia,  was  found  only  in  the  westen 
alf  of  the  district.    It  was  intruded  as  a  tabular  mass  along  th( 
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imall  faults  are  thought  to  have  formed  at  about  the  same  time 
IS  the  major  fractures. 

The  uplift  represented  by  the  Halifax  and  Tonopah  faults  is 
wlieved  to  have  been  succeeded  by  a  period  of  settlinjr  or  col- 
apse.  This  readjustment  took  place  along  at  least  three  sets 
if  faults.  Two  of  these,  one  striking  northwest  and  the  other 
lortheast,  appear  to  have  been  essentially  contemporaneous, 
rhe  northwesterly  faults,  represented  by  the  Mizpah,  Monarch- 
i*itt8burg,  and  other  faults,  commonly  have  the  larger  throws 
ind  are  more  persistent,  but  some  of  the  northeasterly  faults, 
uch  as  the  Belmont,  Tesuro,  and  Silver  Top  faults,  have  been 
raced  underground  for  considerable  distances.  In  the  Montana- 
ronopah  and  North  Star  mines,  there  is  a  notable  and  rather 
omplex  association  of  faults  belonging  to  these  two  groups 
phich  is  believed  to  be  the  result  of  a  progressively  greater 
lorthward  uplift  along  the  Halifax  fault  zone.  The  third 
Toup  of  faults,  which  strike  north  and  dip  west,  are  largely 
■estricted  to  the  western  half  of  the  district. 

It  is  probable  that  the  mineralization  in  the  district  was  in 
.  broad  sense  contemporaneous  with  the  faulting.  The  earliest 
tage  consisted  in  a  wholesale  albitization  of  the  andesitic  rocks 
larticularly,  and  in  most  of  the  district  this  alteration  was  so 
ntense  that  the  andesites  were  originally  believed  to  have  been 
rupted  as  albitic  rocks.  Relatively  unaltered  blocks  of  the 
4izpah  trachyte,  however,  were  found  in  the  Halifax  mine  and 
how  rather  clearly  that  the  albitization  was  a  phase  of  the 
.Iteration.  A  second  stage  was  less  extensive  and  consisted  in 
he  introduction  of  a  quartz  -  adularia  -  sericite  mineral  assem- 
blage. In  the  ground  of  the  Tonopah  Mining  Co.  in  the  cen- 
ral  part  of  the  district,  this  stage  reached  a  maximum  and 
lay  well  have  been  directly  above  the  cupola  that  has  been 
uggested  as  the  cause  of  the  local  uplift  along  the  Tonopah 
ault.  Away  from  this  central  area,  a  chlorite-carbonate  altera- 
ion  is  widespread,  especially  in  the  andesitic  rocks. 

All  the  faults,  including  the  Tonopah  and  Halifax  groups, 
re  locally  followed  by  quartz  veins  of  considerable  size  but 
n  many  places  of  negligible  silver  or  gold  content.  These 
uartz  bodies  have  replaced  the  shattered  walls  of  the  faults. 
Tiey  are  on  the  whole  earlier  than  the  introduction  of  the  ore 
minerals.  The  ore  shoots  also  follow  the  faults  but  are  far 
2SS  extensive  in  their  distribution.  Their  limitation  to  faults 
r  parts  of  faults  with  nearly  east -west  strike  (the  Tonopah 
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BOCK  FOBHATIONS 

Of  the  seven  formations  recognized  during  the  field  work  in 
29  and  1930,  two  are  younger  than  the  ore  bodies;  the 
maining  five  form  the  wall  rocks  of  the  ore  bodies.  The 
lowing  list,  in  which  the  youngest  rocks  are  at  the  top,  sum^ 
irizes  their  relations: 

Post-ore  rhyolite:  Dikes  and  lenticular  masses  intrusive  into 
the  other  formations. 

Fraction  breccia  member  of  Esmeralda  formation:  A  vol- 
nic  breccia  that  unconformably  overlies  the  ore  bodies  and 
3ir  wall  rocks. 

West  End  rhyolite :    Sills,  as  much  as  600  feet  thick,  intrusive 
:o  all  the  older  formations. 
Extension  breccia:     Tabular  intrusive  mass.     Found  only  in 

2  western  half  of  the  district. 

Mizpah  trachyte:     A  series  of  surface  flows,  with  minor  vol- 

nic  breccias,  at  least  2,000  feet  thick  originally,  but  much  of 

is  thickness  removed  by  erosion  locally. 

Sandgra'ss  andesite :     Dark  lavas,  interlayered  with  the  Tono- 

h  formation. 

Tonopah  formation:     Interbedded  volcanic  tuffs,  breccias,  and 

ws,  which  are  conformably  overlain  by  the  Mizpah  trachyte. 

3re  than  1,000  feet  thick. 

Tonopah  formation  —  The  name  "Tonopah   formation"  was 

oposed  ^^  in  the  report  on  the  western  half  of  the  district  for 

3  rocks  originally  described  by  Burgess  ^  ^  as  the  "Lower 
yolite."  Spurr^^  considered  the  formation  to  be  the  intru- 
'e  equivalent  of  extrusive  rocks  now  exposed  on  the  surface 
d  used  the  names  "Tonopah  rhyolite"  and  "Tonopah  rhyolite- 
cite."  These  surface  rocks,  however,  appear  to  be  much 
unger  than  the  Tonopah  formation  and  are  believed  to  be,  in 
rt  at  least,  contemporaneous  with  the  Esmeralda  formation. 
le  Tonopah  formation  includes  rocks  that  have  been, mapped 
eviously  as  "Glassy  trachyte"  and  "Montana  breccia,"  but  it 
es  not  include  all  the  exposures  that  have  been  so  assigned 

Spurr,  Burgess,  and  others. 
The  most  significant  and  extensive  exposures  of  the  formation 
e  found  in  the  western  half  of  the  district,  notably  in  the 

"Nolan,  T.  B.,  op.  cit.,  p.  10. 

"Bargess,  J.  A..  The  geology  of  the  producing  part  of  the  Tonopah  mining 

trict :    Econ.  Geology,  vol.  4.  p.  687,  1009. 

"Spurr.  J.  E.,  Geology  of  the  Tonopah  mlnlDg  district,  Nevada :    U.  S.  Ge<il. 

rvey  Prof.  Paper  42.  p.  41,  1903 ;    Ore  deposition  at  ToDopah.  Nev. ;  E<^in. 

olc^y.  vol.  10.  p.  743,  lOl.j. 
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The  tuffs  consiEt  typically  of  small  angular  fragments  of  quartz, 
thoclase(both  adularia  and  8aiiidme),albite, and,  very  rarely, micro- 
ine  and  raicrocliue  -  microperthite,  in  a  fine  -  grained  groimdmass. 
jartz  is  much  the  most  abundant  of  the  larger  fragments.  Ferro- 
agneaian  minerals  very  likely  were  present,  but  the  frequent  occur- 
nee  of  small  flakes  and  shreds  of  chlorite  is  now  the  only  indication 

their  former  presence.  Zircon  and  colorless  apatite  occur  spar- 
gly.  A  faint  kaolinization  is  rather  widespread,  occurring  over 
<th  the  groundmass  and  the  feldspars. 

The  groundmass  is  exceedingly  fine  grained,  and  although  now  much 
icified  and  in  part  also  sericitized  and  kaolinized,  it  still  suggests 
)  original  ash  structure.  In  many  specimens  the  peculiar  and  dis- 
ictive  cusplike  and  trilobate  structures  ("Bogenstructur")  typical 

rliyolitic  tuffs  can  still  be  recognized  in  outline,  although  the  origi- 
illy  glassy  shards  are  now  entirely  devitrified  or  silicified.  These 
e  not  usually  apparent  at  first  sight  under  the  microscope,  and  often 
is  only  with  plane  light  and  with  the  field  slightly  out  of  focus  that 
e  structures  become  recognizable.  They  stand  out  by  virtue  of  the 
ct  that  in  the  general  recrystallization  coarser  grains  of  quartz  (or 
ricite,  as  the  case  may  be)  have  replaced  the  shards,  while  the  detri- 
l  paste  which  filled  tie  interstices  has  produced  a  finer-grained  sec- 
dary  material.  The  contacts  therefore  show  the  outline  of  the 
rmer  structures. 

The  breccias  exhibit  a  more  heterogeneous  aggregation  of  material. 
.  addition  to  the  constituents  found  in  the  tuffs,  a  variety  of  rock 
agments  is  found.  These  are  generally  rather  severely  altered  (by 
olinization,  sericitization,  and  chloritization),  so  that  the  original 
aracler  is  often  in  doubt.  They  seem  to  have  been  derived  from 
yolitic  and  andesitie  rocks,  for  the  most  part  not  definitely  cor- 
latable  with  any  known  in  the  district.  In  part,  of  course,  the 
agments  are  clearly  from  lower  beds  of  the  Tonopab  formation 
elf. 

Concerning  the  flow-banded  rhyolites  known  locally  as  "Glassy 
achyte,"  he  writes  :^5 

Pluidal  texture  is  quite  commonly  seen.  Phenocrysts  are  not  eom- 
m.  Crystals  of  albite  are  found  occasionally.  They  generally  show 
varying  d^ree  of  serieitic  and  kaolinic  alteration.  More  rarely 
ioritic  pseudomorphs  after  biotite(T)  are  found.  The  matrix  is 
ivays  much  altered.  The  glassy  bands  are  formed  of  secondary 
artz;  while  the  white  opaque  material  proves  to  be  quartz  with 
■ge  amounts  of  kaolin  and  serieite.  Pyrite  is  very  commonly  dis- 
Hinated  throughout  the  rock.  In  its  distribution  it  seems  to  show 
tie  preference  as  regards  the  more  or  the  less  quartzose  layers. 
The  bottom  of  the  formation  has  not  yet  been  exposed  by  the 
ining  operations.  In  most  places  the  upper  hmit  of  the  forma- 
>n  is  marked  by  the  intrusive  West  End  rhyolite,  which  sepa- 
tea  it  from  the  Mizpah  trachyte.  At  a  few  localities  in  the 
utheastern  part  of  the  district,  notably  on  the  1,100-foot  level 
'■'Idem,  p.  -H. 
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urr  proposed  the  name  "Sandgrass  andesite,"  ^^  at  the  same 
18  recognizing  the  lack  of  relationship  of  these  rocks  with  any 
the  other  formations,  and  this  name  has  persisted  since  that 
le, 

rhe  formation  is  found  in  many  of  the  mines  in  the  district, 
:  the  most  extensive  and  least  altered  exposures  are  in  the 
stern  mines.  The  960-foot  level  of  the  West  End,  the  1,540- 
t  and  1,880-foot  levels  of  the  Tonopah  Extension,  and  the 
00-foot  and  1,140-foot  levels  of  the  Sand  Grass  provide  the 
it  information  as  to  its  character  and  relations.  In  the  eastern 
nes  the  1,250-foot  level  of  the  North  Star  and  the  765-foot 
el  of  the  Montana  provide  minor  exposures,  and  others  may 
present  on  the  1,400-  and  1,500-foot  levels  of  the  Belmont, 
:  neither  of  these  was  accessible  in  1929  or  1930. 
)n  the  basis  of  the  work  done  in  the  western  mines  ^o  the 
iter  considered  that  the  Sandgrass  formation  represented  a 
ies  of  volcanic  flows  interbedded  with  the  Tonopah  forma- 
1.  Two  and  possibly  three  separate  bodies,  having  a  total 
:kness  of  about  500  feet,  separated  from  one  another  by  tuff 
breccia,  were  recognized  in  the  Tonopah  Extension  mine.  On 
960-foot  level  of  the  West  End  mine  the  formation  contains 
vs  of  different  composition  and  texture,  including  dense 
alts,  breccias,  and  strikingly  amygdaloidal  andesites.  In  the 
itively  few  exposures  that  could  be  examined  in  the  eastern 
les  the  rocks  are  rather  badly  altered  and  have  yielded  essen- 
ly  no  additional  information  regarding  the  relations  or  char- 
er  of  the  formation,  although  the  North  Star  occurrences  are 
t  explained  as  being  interbedded  with  the  adjacent  rocks  of 
Tonopah  formation.  The  comparative  scarcity  of  exposures, 
fever,  suggests  that  the  andesite  is  thinner  in  this  direction, 
occurrences  similar  to  those  in  the  Sand  Grass  mine,  where 
uniformity  of  the  formation  prompted  the  suggestions^"  that 
rocks  at  that  place  might  be  intrusive,  were  found,  and  it 
ma  probable  that  the  uniformity  there  observed  is  due  to  the 
t  that  the  workings  that  cut  the  formation  are  nearly  parallel 
he  general  strike  and  thus  expose  only  a  single  flow, 
'he  boundaries  of  the  formation  in  the  Red  Plume,  Midway, 
ntana,  and  North  Star  mines  are  locally  irregular,  but  in  these 
ilities  crushing  and  rather  intense  alteration  has  tended  to 
)k  the  true  relations.     It  seems  most  probable  that  all  these 

Spurr,  J,  B.,  Econ.  Geology,  vol.  10,  p.  720,  1915. 
Nolan.  T.  B.,  op.  clt.,  pp.  14-13. 
'Irtpiti,  p.  14. 
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rock,  and  all  of  it  is  the  ordinary  colorless  variety.  Zircon  was 
noted.  Pyrite  occura  sparingly  in  rather  irregular  aggregates. 
is  may  be  seen  from  these  descriptions,  most  of  the  formation 
ilbite-rich,  and  the  term  "keratophyre"  might  well  be  applied 
these  rocks,  although  the  name  "Sandgrass  andesite"  is 
lined  here  because  of  its  long  use  in  the  district.  In  the 
Her  report  the  albite  was  considered  to  be  an  original  con- 
uent,  but  the  field  work  in  1930  in  the  eastern  part  of  the 
trict  indicated  that  the  albite  in  the  Mizpah  trachyte,  which 
n  many  respects  similar  to  the  Sandgrass  andesite,  is  rather 
tainly  the  result  of  alteration  (page  21),  and  it  seems  prob- 
e  that  the  same  thing  is  true  of  the  albite  in  this  formation. 
:ally  the  Sandgrass  andesite  has  also  undergone  a  quartz- 
icite-adularia  alteration,  like  that  observed  much  more  widely 
the  Mizpah  trachyte. 

iizpah  trachyte  —  The  rock  of  andesitic  appearance  first 
cribed  by  Spurr^i  under  the  name  "earlier  andesite,"  as 
finally  defined  included  also  the  Sandgrass  andesite,  and 
refore  in  1915  he  renamed  the  formation  the  "Mizpah  tra- 
te."  ^^  This  name  is  retained  in  the  present  report  because 
its  long  usage  in  the  district,  although  the  present  survey 
shown  that  the  rock  in  almost  all  exposures  is  an  albitized 
lesite  or  keratophyre,  and  not  a  trachjrte.  On  the  lower  lev- 
of  the  Tonopah  Extension  mine  the  local  name  "Victor  andes- 
'  has  been  used  by  some  geologists  for  the  formation. 
n  most  of  the  mines  in  both  the  eastern  and  western  parts 
the  district  there  are  exposures  of  rocks  that  have  been 
pped  by  Spurr,  Burgess,  and  others  as  "later  andesite"  -^ 
"Midway  andesite"  2*  and  described  by  them  as  lying  uncon- 
mably  above  the  Mizpah  trachyte  and  forming  a  "cap  rock" 
he  veins.  In  the  report  on  the  western  part  of  the  district  -^ 
was  stated  that  the  rocks  in  many  places  assigned  to  the 
idway  andesite"  cannot  be  separated  from  the  Mizpah  tra- 
te  by  reason  of  any  original  differences  in  composition  or 
ture,  nor  was  this  rock  anywhere  seen  to  cap  any  of  the 
IS.  In  many  exposures  of  the  supposed  "Midway  andesite" 
ensive  chloritization  had  considerably  changed  their  appear- 
e,  but  within  such  altered  masses  less  altered  facies  were 

spurr,  J.  E..  op.  cit.  (Prof.  Paper  42),  p.  31. 

Spurr.  J.  E..  op.  cIt.  (Econ.  Geologj-.  vol.  10).  p.  720. 

Spnrr,  J.  E.,  op.  clL  (Prof,  Paper  42).  p.  33 ;   Burgess,  J.  A.,  op.  clt,  p.  703. 

Spiirr.  J.  E.,  op.  clt.  (Econ.  fioology,  vol.  10),  p.  74:i. 

Xolnn,  T.  B.,  op.  clt,  p.  16. 
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«  is  an  overlying  flow,  related  to  the  post-Esmeralda  andes- 

or  latites  of  the  Divide  district,^'  although  it  is  most 
robable  that  this  rock  is  of  any  great  extent  or  of  any 
lomic  importance  within  the  productive  part  of  the  Tonopah 
rict. 

he  Mizpah  trachyte  is  widely  distributed  throughout  the 
rict  and  makes  up  the  bulk  of  the  exposures  in  all  the 
es.  Because  of  the  supposed  restriction  of  the  ore-bearing 
s  to  this  formation,  its  limits  have  controlled  exploration  to 
insiderable  extent,  and  much  energy  and  ingenuity  have 
1  expended  in  the  fruitless  task  of  separating  the  formation 
a  rocks  believed  to  be  younger. 

he  formation  differs  widely  in  appearance  from  place  to 
e,  but  these  variations  are  due  in  large  part  to  alteration 
iefomation.  By  far  the  most  common  lithologic  variety  is 
rayish  -  green  porphyry.  The  phenocrysts  of  feldspar  are 
ost  invariably  dulled  by  alteration,  are  somewhat  variable 
iize  and  abundance,  and  are  set  in  a  dense  matrix  locally 
led  with  chlorite.  Pyritization  is  common.  Two  other  vari- 
3  of  rock  are  found  locally  in  the  formation.  One  of  these 
1  flow-banded  rock,  which  is  sparingly  porphyritic;  it  is 
sent  to  a  minor  extent  in  a  number  of  the  mines.    The  other 

fragmental  rock,  commonly  a  breccia  but  locally  tuffaceous, 
ch  is  generally  well  bedded.  It  too  is  found  in  many  of  the 
es,  and  in  the  Belmont  a  bed  of  this  material  is  sufliciently 
insive  to  be  separately  mapped.  Some  of  these  clastic  rocks 
closely  similar  to  beds  in  the  Tonopah  formation, 
lach  of  these  three  varieties  of  rock  has  been  subjected  to  at 
t  three  kinds  of  alteration.  The  most  widespread  has  been 
albitization  of  the  feldspars,  which  has  been  so  nearly  com- 
e  throughout  all  but  the  extreme  eastern  end  of  the  district 
:  in  the  earlier  report  on  the  western  half  of  Tonopah  the 
te  was  considered  to  be  an  original  constituent  of  the  rocks. 
8  was  the  earliest  alteration  of  the  formation,  as  the  albite 

been  replaced  by  minerals  of  the  other  types.  The  next 
it  widespread  alteration  was  chloritization,  which  has  affected 
formation  to  varying  degrees  everywhere  except  in  the  cen- 

area  near  the  claims  of  the  Tonopah  Mining  Co.  It  was 
it  intense  near  faults,  and  the  resulting  dark  green  sheared 
«  shows  almost  no  resemblance  to  the  original  porphyry.   The 

(ilMtrlct,  Ner.:     V.  S.  Geul.  Sorve.v  Bull. 
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A  thickness  of  at  least  2,000  feet  of  the  Mizpah  trachyte  is 
dicated  by  the  relatively  unfaulted  hanging-wall  exposures  in 
le  Sand  Grass  and  Tonopah  Extension  mines.  The  top  of  the 
rmation  is  not  known,  except  where  it  is  unconformably  over- 
in  by  the  Fraction  breccia.  The  Mizpah  trachyte  conformably 
erlies  the  Tonopah  formation  and  must  therefore  be  slightly 
tunger. 

Extension  breccia — The  name  "Extension  breccia"  has  been 
ed  locally  for  an  intrusive  mass  of  breccia  which  occurs  only 

the  northwestern  part  of  the  district  and  whose  relations  are 
st  exposed  in  the  Tonopah  Extension  mine.  It  is  probable 
at  in  some  of  the  geologic  mapping  by  mine  geologists  this 
rmation  has  been  included  either  with  the  Tonopah  formation 
with  the  "Montana  breccia."  No  additional  information 
garding  it  was  obtained  in  the  eastern  mines,  and  the  follow- 
g  description  is  taken  from  the  earlier  report:^* 

On  the  lower  levels  of  the  Tonopah  Extension  mine  the  breccia 
found  in  the  footwalt  of  the  Murray  and  Merger  veins.  The  expo- 
re  continues  up  to  the  600-foot  level,  but  the  area  of  breccia  present 

each  level  steadily  decreases  upward,  because  of  the  fact  that  the 
p  of  the  breccia  mass  is  somewhat  steeper  than  that  of  the  vein, 
le  Extension  breccia  is  also  found  on  the  hanging  wall  of  the  com- 
led  Murray  and  Merger  veins  in  the  lower  levels  of  the  Sand  Grass 
d  Merger  mines  but  is  by  no  means  adequately  outlined  there 
cause  of  the  relative  scarcity  of  mine  workings. 
The  intrusive  nature  of  the  mass  is  clearly  shown  in  only  a  few 
ices,  such  as  the  1,880-foot,  1,760-foot,  1,680-foot,  and  950.foot  leveli 

the  Tonopah  Extension  and  the  1,000-foot  level  of  the  Sand  Grass, 
i  relations  in  other  localities  being  more  or  less  masked  by  alteration 
ar  the  veins.  The  intrusion  appears  to  have  been  localized  along  an 
rlier  fault,  striking  nearly  east  and  dipping  north,  within  the  Tono- 
h  formation.  On  the  1,140-foot  level  of  the  Sand  Grass,  for  example, 
it  of  the  main  body  of  the  intrusive,  a  narrow  dike  of  the  breccia  is 
and  in  this  fault  zone,  which  here  separates  breccias  and  tuffs  of 
;  Tonopah  formation  from  Sandgrass  andesite.  Still  farther  east  on 
!  1,050-foot  level  from  the  Extension  No.  1  shaft,  however,  the  for- 
ition  is  absent  from  the  fault  zone.  The  actual  contact  of  the  intru- 
n  is  in  many  places  difficult  to  locate  exactly.  Rock  typical  of  the 
Hjcia  passes  gradually  through  a  variety  in  which  fragments  of  the 
.-aded  rock  predominate,  then  to  one  in  which  they  are  exclusively 
esent,  and  finally  to  shattered  wall  rock  cemented  by  thin  veinlets 
the  Extension  breccia  matrix. 

The  greater  part  of  the  intrusion  is  remarkably  homogeneous  in 
pearance,  consisting  of  fragments  of  various  rock  types  set  in  a 
iracteristically  reddish  matrix  containing  rounded  dark  phenocrysts 
quartz.  The  rock  fragments  included  are  largely  of  the  Tonopah 
■mation  and  less  abundantly  of  the  Sandgra.ss  andesite  and  Mizpah 
-Nolan.  T.  B.,  op.  dt.,  pp.  l'7-19.  "  -       -  _ 
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the  Tonopah  Extension  mine,  where  the  main  body  occurs  as 
a  westward  -  dipping  mass  separating  the  Tonopah  formation 
and  the  Mizpah  trachyte.  It  thins  notably  to  the  northeast, 
east,  and  southeast,  and  at  several  places  in  these  directions 
the  mine  workings  show  it  to  be  absent — for  example,  on  the 
1,330-foot  level  of  the  Midway,  the  1,300-foot  level  of  the  Bel- 
mont, the  1,200-foot  level  of  the  Halifax,  the  1,100-foot  level  of 
the  Buckeye,  and  the  500-foot  level  of  the  Gold  Hill.  There  are 
in  addition  thinner  and  less  continuous  sills  of  the  formation  at 
other  horizons.  Many  of  these  are  within  the  Mizpah  trachyte, 
as  on  the  800-foot  level  of  the  West  End  and  on  several  of  the 
Belmont  levels ;  others  are  within  the  Tonopah  formation,  as  in 
the  deeper  western  workings  of  the  Tonopah  Extension. 

The  intrusive  nature  of  the  formation  is  shown  by  several 
features.  The  most  convincing  is  the  fact  that  it  cuts  through 
the  Extension  breccia,  which  is  itself  intrusive.  At  several 
places  there  are  small  apophyses  into  the  Mizpah  trachyte,  and 
in  some  localities  inclusions  of  that  rock  are  found  in  the  main 
body  of  the  rhyolite,  which  lies  stratigraphically  beneath  the  Miz- 
pah trachjrte.  In  addition,  the  rhyolite  shows  a  narrow  chilled 
upper  border  wherever  later  alteration  has  not  been  so  intense 
as  to  conceal  it. 

Except  where  intensely  altered,  the  formation  is  readily  rec- 
ognized by  reason  of  the  characteristic  dense  greenish  matrix, 
in  which  are  set  abundant  angular  fragments  of  white  chalky 
rock.  The  included  fragments  vary  greatly  in  number 
and  size.  In  the  western  part  of  the  district  they  normally 
make  up  about  a  third  of  the  rock  and  are  commonly  a  quarter 
of  an  inch  or  more  in  diameter,  some  of  them  as  much  as  an 
inch.  Although  the  Tonopah  formation,  especially  the  tuffaceous 
members,  has  evidently  supplied  the  bulk  of  the  fragments,  minor 
contributions  have  been  made  by  all  the  older  rocks,  and  those 
from  the  Extension  breccia  are  the  least  abundant.  To  the  east 
the  fragments  are  generally  much  smaller,  being  commonly  less 
than  a  quarter  of  an  inch  in  diameter,  and  are,  locally  at  least, 
less  abundant.  At  the  contacts  of  the  formation,  besides  the 
chilled  border,  there  are  in  some  of  the  western  mines  coarse 
breccias  with  inclusions  a  foot  or  more  in  diameter.  Similar 
coarse  breccias  were  noted  on  the  400-foot  level  of  the  Mac- 
Namara  mine  as  bands  within  the  formation.  Wherever  these 
variations  in  the  number  and  size  of  inclusions  are  found 
together,  there  is  no  sharp  contact  between  the  two  phases. 
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The  formation  is  exposed  in  the  workings  of  the  Jim  Butler,  Mac- 
Xamara,  West  End,  West  End  Extension,  Monarch  -  Pittsburg,  and 
Tonopah  76  mines  as  a  generally  southward-dipping  mass  that  uneon- 
fonnably  overlies  the  older  formations  and  the  veins.  In  detail  the 
lower  contact  of  the  beds  is  very  irregular,  showing  that  the  surface 
upon  which  they  were  deposited  had  moderate  relief.  In  many  places 
the  major  faults  that  affect  the  veins  appear  to  have  exerted  a  control 
upon  this  old  surface,  for  the  breccia  extends  deeper  where  such 
faults  formerly  reached  the  surface.  In  addition,  relatively  slight 
renewed  movement  along  many  of  the  faults  has  resulted  in  shearing 
of  the  breccia. 

The  formation  as  exposed  underground  is  almost  everywhere  a 
massive  rock  without  any  indication  of  bedding,  although  in  a  few 
places  interlaminated  fine-grained  material  may  be  observed.  Near 
its  contact  with  the  older  rocks  it  is  generally  sheared,  presumably 
as  a  result  of  the  later  earth  movements  that  imposed  upon  the  for- 
mation its  general  southward  dip.  The  basal  beds  are  commonly 
made  up  almost  exclusively  of  rock  fragments  that  are  andesitic  in 
appearance,  although  most  of  them  are  undoubtedly  keratophyres 
derived  from  the  Mizpah  trachyte.  The  proportion  of  matrix  in  this 
variety  is  in  many  places  relatively  small,  and  for  the  most  part  the 
matrix  has  the  same  dark  color  as  the  fragments.  Higher  up  in  the 
formation  the  rock  is  lighter  colored  and  has  a  lower  ratio  of  frag- 
ments to  matrix.    Of  this  portion  Mr.  Campbell  writes : 

"The  matrix  is  light  colored,  exceedingly  fine-grained,  and  under 
the  microscope  appears  holocrystalline  to  hypocrystalline.  Fluidal 
texture  has  been  observed.  The  aggregate  index  is  lower  than  canada 
balsam  and  higher  than  gamma  of  sanidine.  Phenocrysts  of  quartz 
and  sanidine  are  abundant,  and  there  are  a  few  of  albite  and  biotite. 
The  sanidine  is  generally  much  altered  to  calcite,  the  albite  somewhat 
altered  to  sericite,  the  biotite  also  to  sericite.  There  has  been  some 
silicification  throughout  the  rock  and  heavy  kaolinization  locally.  Pyrite, 
partly  altered  to  limonite,  occurs  sparingly." 

Only  a  small  part  of  the  formation  is  exposed  in  the  underground 
workings  so  far  examined,  and  the  determination  of  the  total  thickness 
must  wait  until  the  surface  exposures  have  been  adequately  studied. 

The  Fraction  breccia  is  considered  by  Ferguson  ^^  to  be  the 
basal  member  of  the  Esmeralda  ("Siebert*')  formation  and  is 
assigrned  to  the  upper  Miocene. 

Post-ore  rhyolite — Dikelike  masses  of  rhyolite  are  the  youngest 
rocks  found  in  the  mine  v^orkings.  They  are  exposed  in  several 
places,  but  only  three  of  the  bodies  are  large  enough  to  warrant 
specific  mention.  One  of  these  is  a  thin  dike  which  occurs  on 
the  1,680-foot,  1,760-foot,  and  1,880-foot  levels  of  the  Tonopah 
Extension  mine  near  the  Cash  Boy  shaft.  It  definitely  cuts  across 
the  veins  in  at  least  one  place  and  is  unaffected  by  the  minerali- 
zation, being  therefore  post-ore.    A  much  larger  dike  is  exposed 

"Ferguson,  H.  G.,  Geology  and  ore  deposits  of  the  Manhattan  district,  Nev. : 
U.  S.  Geol.  Survey  BuU.  723,  pp.  42-43,  1024. 
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implied  that  the  bulk  of  the  major  faulting  was  later  than  the 
deposition  of  ore.^^  In  the  report  on  the  western  part  of  the 
district*  1  evidence  was  presented  to  show  that  neither  of  these 
conclusions  is  valid,  as  the  formations  were  found  to  be  con- 
siderably tilted,  and  that  their  apparently  horizontal  attitude  in 
the  older  central  part  of  the  district  is  the  result  of  extensive 
premineral  faulting. 

The  two  block  diagrams  (plates  1  and  2,  in  pocket)  show  the 
principal  structural  features  of  the  district  and  their  relations 
to  one  another.  Plate  1  was  prepared  for  the  earlier  report 
and  covers  the  western  part  of  the  district;  plate  2,  which  is 
based  on  the  exposures  in  the  eastern  mines,  differs  from  plate  1 
in  that  the  region  which  it  portrays  has  been  split  into  three 
units,  in  order  that  more  of  the  workings  may  be  shown.  In 
this  plate  the  block  is  viewed  from  the  northeast  instead  of  from 
the  northwest,  as  in  plate  1. 

The  tilting  of  the  rocks  is  shown  chiefly  by  flow  banding  of 
the  lavas  and  bedding  planes  of  the  sediments,  and  these  corre- 
spond in  attitude  to  unfaulted  contacts  projected  from  level  to 
level  in  the  mine  workings.  The  dips  are  dominantly  toward  the 
west  throughout  the  district,  and  in  the  extreme  western  part 
where  there  has  been  relatively  little  faulting,  the  westward  dip 
is  fairly  uniform  and  averages  about  45'^.  In  the  central  and 
eastern  parts,*  however,  there  is  less  uniformity,  although  the 
net  result  is  a  westward  dip  of  approximately  the  same  amount. 
In  this  more  intensely  faulted  area  individual  dips  either  may 
be  much  steeper  than  45°,  as  at  many  places  in  the  Belmont 
mine,  or  much  less  than  45°,  as  in  some  workings  from  the 
Mizpah  and  Silver  Top  shaft.  On  the  700-foot  and  800-foot 
levels  of  the  Red  Plume  and  the  700 -foot  level  of  the  Mizpah 
there  are  low  northerly  and  easterly  dips.  These  caused  the 
suggestion  in  the  earlier  report  ^2  that  there  might  be  an  anti- 
clinal fold  in  the  rocks  in  this  vicinity,  but  the  additional  work 
in  the  eastern  mines  showed  that  this  conclusion  was  wrong,  and 
the  easterly  dips  observed  at  these  places  are  now  considered 
to  be  due  to  the  proximity  of  several  major  faults. 

The  movement  along  the  faults  must  have  been  largely 
accomplished  before  the  deposition  of  the  ore,  for  essentially 
unshattered  quartz  has  been  deposited  in  places  along  almost 
all  of  them.  In  some  of  these  occurrences  such  quartz  is  con- 
tinuous with  the  quartz  of  the  ore-bearing  veins,  and  in  several 

**Spurr,  J.  B.,  op.  cit.  (Econ.  Geology,  vol.  10),  pp.  766-769.  Burgess,  J.  A., 
op.  cit,  pp.  709-711. 

*^Xolaii,  T.  B.,  op.  clt,  p.  23. 
«Idem,  pp.  23-24. 
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The  fault  zone  has  been  of  considerable  economic  interest,  in 
that  a  member  of  it  has  terminated  the  Belmont  vein  eastward 
on  the  upper  levels  of  the  Belmont  mine,  and  other  members 
have  cut  the  Halifax  vein  into  several  segments,  only  two  of 
which  are  known  to  be  ore-bearing.  The  difficulty  of  picking 
up  the  faulted  vein  segments  is  materially  increased  by  the  fact 
that  post-ore  rhyolite  has  been  intruded  along  the  fault  zone,  and 
some  of  the  dikes  are  several  hundred  feet  wide.  In  places  there 
has  been  some  mineralization  along  individual  faults  in  the  zone, 
and  in  a  few  of  these  places,  such  as  the  north  end  of  the  1,100- 
foot  level  of  the  Halifax  mine,  small  stopes  have  been  opened. 
None  of  these  workings  appear  to  have  been  profitable. 

The  total  amount  of  premineral  movement  along  the  Halifax 
fault  zone  is  unknown  but  was  probably  more  than  2,000  feet, 
to  judge  from  the  reported  presence  of  Mizpah  trachyte  in  the 
hanging  wall  of  the  most  easterly  branch  on  the  1,700-foot  level 
of  the  Halifax  mine.  The  throws  of  individual  faults  within 
the  zone  appear  to  vary  greatly,  but  the  accessible  workings  are 
too  few  to  determine  them  accurately,  especially  in  view  of  their 
branching  habits.  There  has  clearly  also  been  some  postmineral 
movement  along  the  zone,  as  is  shown  by  the  tilting  of  the 
Fraction  breccia  and  by  the  crushing  of  the  rhyolite  dikes.  This 
movement  is  believed  to  have  been  somewhat  less  than  1,500  feet. 

Tonopah  fault  and  branches  —  The  second  group  of  faults 
includes  a  very  large  proportion  of  the  fractures  along  which 
ore  shoots  have  been  found.  The  compound  Tonopah  fault  is 
economically  the  most  important  one  in  the  group,  partly  because 
of  the  ore  bodies  found  along  it  but  mainly  because  it  has  con- 
trolled the  localization  of  the  numerous  ore-bearing  minor  frac- 
tures that  branch  from  it. 

The  two  lower  segments  of  the  Tonopah  fault,  each  of  which 
has  the  appearance  in  cross  section  of  a  recumbent  crescent, 
convex  upward,  are  exposed  only  in  the  western  half  of  the 
district.  Figure  1  shows  the  extent  to  which  these  branches 
have  been  exposed  by  the  mine  workings — ^for  considerably  more 
than  1,400  feet  vertically  on  the  north  limb  and  for  nearly  700 
feet  vertically  on  the  south  limb.  Ore  bodies  along  different 
parts  of  the  fault  have  received  different  names,  some  of  which 
are  shown  in  the  figure. 

The  northern  junction  of  the  lower  branch  with  the  upper 
branch  is  well  exposed  on  the  500-foot  level  of  the  Tonopah 
Extension  mine.     This  locality  is  not  shown  on  plate  1,  which 
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does,  however,  show  the  junction  of  the  branches  in  cross  sec- 
tion between  the  600-foot  and  660-foot  levels  of  the  Tonopah 
Extension,  about  500  feet  southwest  of  the  Sand  Grass  shaft. 
The  upper  branch  is  apparently  unmineralized  at  this  point. 
The  comparable  junction  to  the  south  has  not  been  found  by 
mine  workings,  but  the  dips  of  the  two  branches  indicates  that 
it  very  probably  exists.  The  crests  of  these  two  "anticlinal" 
branches  both  plunge  to  the  east  at  low  angles,  ranging  from 
5=  to  20°.  The  rather  inadequate  exposures  of  the  crest  of 
the  lower  branch  suggests  that  it  plunges  at  a  lower  angle  than 
the  upper. 

The  Stone  Cabin  fault,  exposed  in  several  workings  in  the 
vicinity  of  the  Desert  Queen  shaft,  is  believed  to  be  a  third  and 
higher  branch  of  the  Tonopah  fault.  It  has  a  much  greater 
radius  of  curvature  in  plan  than  the  two  lower  faults  and 
plunges  more  steeply  to  the  east  (about  30°) ;  to  the  north  it 
becomes  nearly  parallel  with  the  branching  Mizpah  fault  and 
cannot  be  confidently  traced. 

No  ore  shoots  have  been  found  along  the  Stone  Cabin  fault 
and  consequently  it  has  not  been  extensively  explored.  Its 
curvature,  its  alinement  with  the  two  lower  branches,  and  the 
similarity  of  its  relations  have  led  to  its  assignment  to  this 
second  group  of  faults,  although  the  mine  workings  do  not 
expose  a  junction  with  the  other  two  branches. 

The  curved  trace  of  the  Tonopah  fault  suggests  at  once  that 
it  is  simply  a  folded  fault  that  originally  had  a  uniform  dip. 
This  view  is  not  tenable,  however,  because  there  is  no  similar 
folding  in  the  formations  adjacent  to  the  fault  —  in  fact,  the 
strike  of  the  wall  rocks  is  rather  uniformly  at  right  angles  to 
the  axis  of  the  crest  of  the  fault. 

The  only  mechanically  probable  direction  of  movement  along 
the  three  branches  of  the  fault  appears  to  be  a  relative  drop 
to  the  east,  down  the  axis  of  the  crest  of  the  fault.    As  meas- 
ured in  this  direction  the  contact  of  the  Mizpah  trachjrte  and 
the  West  End  rhyolite  has  been  shifted  about  500  feet  down  the 
nose  of  the  lower  or  Ohio  vein  branch,  about  1,500  feet  down 
the  nose  of  the  middle  or  MacNamara-West  End  vein  branch, 
and  about  1,000  feet  down  the  nose  of  the  upper  or  Stone  Cabin 
^  branch — a  total  movement  of  about  3,000  feet.    All  these  figures 
are  approximate  only,  because  of  the  numerous  other  faults  that 
iffect  this  contact  in  the  region  where  the  measurements  must 
.  )e  made.    On  the  lower  levels  of  the  Tonopah  Extension  mine, 
■  D  the  western  part  of  the  district,  this  same  contact  is  shifted 
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the  crests  of  the  Tonopah  fault  segments,  and  their  close  genetic 
relationship  with  that  fault  is  therefore  not  beyond  debate,  espe- 
cially as  there  is  some  evidence  that  at  least  part  of  the  move- 
ment along  them  was  later  than  that  along  the  Tonopah  fault. 
They  are,  however,  cut  and  offset  by  all  the  members  of  the 
third  group  of  faults,  and  it  is  believed  that  genetically  they 
are  best  placed  in  this  second  set. 

Other  faults  —  Of  the  three  varieties  of  faults  in  the  third 
group,  those  with  northwest  strike  and  a  northeast  dip  that  is 
commonly  about  40°  have  had  the  greatest  effect  upon  subse- 
quent mining  operations  in  that  they  have  offset  the  fractures 
that  were  later  to  become  ore-bearing.  Three  of  these  faults 
have  been  developed  for  considerable  distances  underground. 
The  most  westerly  one  is  exposed  in  the  Tonopah  Extension, 
West  End  Extension,  and  Tonopah  76  mines.  It  is  locally 
mineralized,  and  the  ore  shoot  in  Extension  ground  has  been 
called  the  "Merton  vein."  The  horizontal  shift  of  the  contact 
between  West  End  rhyolite  and  Mizpah  trachyte  along  this 
fault  amounts  to  about  1,000  feet,  and  as  the  contact  in  this 
region  dips  about  45°,  the  vertical  movement  along  the  fault 
was  probably  the  same.  On  the  Extension  1,540  -  foot  level, 
southwest  of  the  McKane  shaft,  the  fault  is  made  up  of  two 
major  branches,  which  in  places  must  be  200  feet  apart.  To 
the  west,  however,  they  appear  to  join.  The  workings  on  the 
800-foot  level  of  the  West  End  Extension  and  Tonopah  76  do 
not  show  a  similar  branching,  unless  the  two  masses  of  quartz 
found  in  the  workings  south  of  the  main  crosscut  represent 
the  western  junction  of  the  branches. 

The  second  fault  has  been  named  the  "Monarch  -  Pittsburg 
fault,"  *2  owing  to  its  occurrence  in  the  mine  of  that  name, 
where  it  is  apparently  mineralized.  It  is  also  exposed  on  the 
800  -  foot  and  960  -  foot  levels  of  the  West  End  mine,  where 
it  cuts  off  the  Ohio  vein  fissure,  and  on  the  lower  levels  of 
the  Tonopah  Extension,  where  it  offsets  the  fissure  followed  by 
the  Murray  vein.  The  fault  is  essentially  continuous  between  the 
exposures  in  the  Extension  and  those  in  the  Monarch-Pittsburg, 
but  it  is  cut  and  displaced  by  two  large  faults  in  the  region 
between  the  Monarch-Pittsburg  and  West  End  mines.  The  off- 
set of  the  Murray  vein  in  the  Tonopah  Extension  mine  indicates 
that  the  vertical  movement  along  this  fault  must  amount  to  about 
1,000  feet.  The  Monarch-Pittsburg  fault,  like  the  parallel  fault 
to  the  west,  is  compound — ^two  major  branches,  which  unite  both 

**Nolan,  T.  B.,  op.  cit.,  p.  28. 
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Monarch  -  Pittsburg,  and  the  800 -foot  level  of  the  West  End 
Extension  -  Tonopah  76.  To  the  east  the  Tonopah  fault  is 
dropped  more  than  150  feet  vertically  by  the  Sand  Grass  fault, 
but  on  the  660-foot  level  of  the  Extension  this  displacement  is 
distributed  along  several  branches. 

The  Rainbow  fault,  named  in  the  Extension  mine,  is  best 
exposed  about  midway  between  the  Extension  No.  1  and  Sand 
Grass  shafts  on  the  600-foot  levels.  In  most  of  these  exposures 
the  strike  is  nearly  north,  but  southward  toward  the  600-foot 
level  of  the  MacNamara  mine  the  fault  splits  and  the  main 
branch  assumes  a  northeasterly  strike.  The  workings  in  the 
Ohio  vein,  particularly  on  the  555 -foot  level,  show  that  this 
southeasterly  branch  is  cut  and  offset  by  the  Extension  fault 
of  the  third  group.  The  vertical  movement  along  the  fault  is 
about  150  feet  on  the  lower  levels  of  the  mines.  On  the  upper 
levels  the  throw  decreases  and  is  divided  between-  several 
branches;  the  movement  along  the  main  southwesterly  branch 
was  about  50  feet. 

The  MacNamara  fault  is  found  throughout  the  mine  of  that 
name,  where  it  displaces  the  upper  branch  of  the  Tonopah  fault, 
and  is  probably  continuous  westward  with  a  similar  fault  that 
cuts  the  lower  branch  on  the  800-foot  level  of  the  West  End. 
Eastward  it  is  found  in  the  500-foot  and  600-foot  levels  of  the 
Red  Plume  but  appears  to  die  out  in  the  Midway  and  Montana 
nunes.  The  vertical  displacement  along  the  fault  is  more  than 
200  feet  in  the  western  part  of  the  Ohio  800-foot  level,  but  is  less 
than  50  feet  on  the  500-foot  level  of  the  Red  Plume.  To  the 
west  the  MacNamara  fault  cuts  and  offsets  the  Rainbow, 
Monarch-Pittsburg,  and  Extension  faults. 

The  Edwards  fault  was  named  and  is  best  exposed  in  the 
West  End  mine,  where  its  several  branches  are  roughly  parallel 
to  the  southern  limb  of  the  portion  of  the  Tonopah  fault  known 
as  the  "West  End  vein."  It  is  similar  in  many  respects  to  the 
MacNamara  fault,  which  it  parallels.  Along  the  plunging  crest 
of  the  Tonopah  fault  on  the  600-foot  level  of  the  Red  Plume  and 
Mizpah  mines  the  dip  of  the  Edwards  fault  flattens  notably, 
being  about  10°. 

The  two  faults  of  this  type  in  the  Belmont  mine  both  show  a 
change  in  strike  from  northeast  to  north-south.  The  more  west- 
erly is  the  Favorite  fault.  The  strike  of  this  fault  appears  to 
curve  ^from  nearly  north -south  to  northeast  -  southwest  when 
traced  to  the  south,  but  its  extent  and  exact  relations  are 
somewhat  obscure  because  it  is  near  the  Mizpah  and  Stone 
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somewhat  less  than  100  feet.  Another,  which  may  be  called 
e  "McKane  fault,"  is  found  near  the  McKane  shaft,  where  it 
sets  the  Monarch  -  Pittsburg  fault.  The  vertical  movement 
ing  it  is  about  150  feet  just  above  the  1,540-foot  level  but 
pears  to  decrease  rapidly  upward,  amounting  to  about  50 
!t  in  the  Monarch- Pittsburg  workings.  These  levels  were 
t  accessible,  and  it  is  not  clear  whether  this  decrease  in 
row  is  the  result  of  branching  upward,  as  in  the  Extension 
jlt. 

rhe  fault  to  the  east  behaves  somewhat  differently.  This 
]lt,  which  is  unnamed,  is  about  halfway  between  the  McKane 
d  Extension  faults  and  is  exposed  in  the  workings  from  the 
tension  No.  2  shaft  and  the  Extension  incline.  The  maximum 
iplacement  along  the  fault  in  this  vicinity  appears  to  have 
in  close  to  the  1,260-foot  level,  where  the  Murray  vein  has 
m  dropped  on  the  hanging-wall  side  about  100  feet  vertically, 
tow  this  level  the  fault  passes  into  a  flexure,  as  is  shown  by 
!  curving  hanging  wall  of  the  Murray  vein  on  the  1,540-foot 
el.  Above  the  1,260-foot  level  the  throw  decreases,  and  on 
;  850-foot  level  it  is  comparatively  insignificant.  This  fault 
pears  to  be  represented  to  the  south  by  a  fault  of  similar 
ike  and  dip  that  is  exposed  in  two  places  on  the  800-foot  level 
>m  the  Ohio  shaft.  Here,  however,  the  throw  is  considerably 
>ater,  as  the  offsetting  of  the  Monarch-Pittsburg  fault  by  it 
licates  a  vertical  drop  of  at  least  200  feet, 
rhe  Buried  fault,  exposed  in  the  western  workings  from  the 
zpah  and  Silver  Top  shafts,  is  the  most  easterly  of  the  larger 
ilts  of  this  type.  It  cuts  the  nose  of  the  middle  branch  of 
I  Tonopah  fault  and  drops  it  to  the  west  slightly  more  than 
)  feet  The  workings  from  the  Wandering  Boy  shaft  indi- 
e  that  it  frays  out  southward  and  upward,  and,  as  it  could 
;  be  recognized  in  the  Midway  mine,  it  must  also  die  out 
-thward. 

rhe  faults  of  this  strike  and  dip  are  both  offset  by  and 
mselves  offset  the  northeasterly  and  northwesterly  faults, 
ults  of  all  three  groups  are  locally  mineralized  and  are 
refore  earlier  than  the  ore  deposition. 
yrigin  of  tke  faulting  —  The  observed  characteristics  and 
ations  of  the  three  groups  of  faults  have  led  to  the  follow- 
■  theory  concerning  their  origin: 

\.fter  the  accumulation  of  the  volcanic  flows,  sills  and  pyro- 
stic  rocks  that  constitute  the  pre-Esmeralda  formations,  the 
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'he  ore  bodies  are  replacement  veins  that  follow  faults  or 
lor  fractures  and  commonly  are  without  well-defined  walls, 
ording  to  Bastin  and  Ijaney,*^  "ore-cemented  breccias,  true 
atification,  comb  structure,  and  other  features  characteristic 
the  filling  of  open  spaces  are  rare  or  developed  only  on  a 
ill  scale.  Banding  somewhat  resembling  true  crustification, 
ch  is  locally  conspicuous,  is  possibly  to  be  explained  by  dif- 
ion  during  replacement." 

'he  size  of  the  ore  shoots  and  the  grade  of  the  ore  mined  have 
h  varied  within  rather  wide  limits.  As  most  of  the  veins 
e  only  assay  walls,  the  price  of  silver  and  the  methods  and 
t  of  mining  and  milling  at  the  time  of  extraction  have  been 
ermlning  factors  as  to  what  could  be  profitably  rained.  The 
^ah  vein  has  been  stoped  for  1,500  feet  along  its  strike  on 
le  levels,  and  stope  widths  of  40  feet  were  reached  on  sev- 
I  veins.  On  the  other  hand,  trial  stopes  on  some  of  the 
lying  veins  are  very  small.    The  average  grade  of  ore  mined 

on  the  whole  decreased  as  the  district  has  grown  older. 

to  1904  the  average  value  per  ton  was  more  than  $100,  but 
ropped  to  $20  by  1911  and  ranged  around  $15  for  many  years 
reafter.  A  further  drop  to  $10  occurred  in  1930.  In  some 
les  considerable  quantities  of  $6  or  $7  ore  has  been  mined. 
;  total  production,  from  1901  through  1934,  has  been  slightly 
I  than  $150,000,000. 

Slectrum  (probably  selenium-bearing),  argentite,  polybasite, 
enical  pyrargyrite,  and  other  silver  and  base-metal  sulphides 

found  in  the  hypogene  ore,  with  quartz,  a  fine-grained  pink- 
carbonate,  and  barite,  together  with  altered  wall  rock,  as  the 
igue.  The  greater  part  of  the  quartz  appears  to  have  been 
roduced  earlier  than  the  silver  minerals ;  the  carbonate,  how- 
r,  is  believed  to  be  essentially  contemporaneous  with  them, 
i^erargyrite,  iodyrite,  and  embolite  are  reported  by  Burgess 
have  been  abundant  in  the  veins  of  the  Tonopah  Mining  Co., 
I  Bastin  and  Laney'''^  report  some  local  supergene  sulphide 
■ichment,  which,  however,  they  consider  "to  have  been  quan- 
itively  much  less  important  than  the  hypogene  mineraliza- 

rhe  discussion  on  the  following  pages  has  been  directed  to  the 

tors  that  are  believed  to  have  controlled  the  localization  of 

ore  bodies,  as  the  search  for  new  ore  bodies  is  the  most 
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ne  -  shaped  productive  zone.  The  block  of  ground  thus 
losed  has  yielded  all  of  the  ore  mined  in  the  district  except 
y  minor  quantities  from  such  mines  as  the  Calif omia- 
lopah  and  Buckeye. 

!1ie  east-west  elon£:Btion  of  the  zone  and  the  coincidence  of 
median  line  with  the  crests  of  the  three  major  branches  of 

Tonopah  fault  suggest  strongly  that  this  fault  played  a  very 
wrtant  part  in  localizing  the  ore.     Individual  ore  shoots  in 

western  half  of  the  district  are  largely  restricted  to  portions 
the  two  lower  branches  of  the  fault,  and  in  the  eastern  half 
the  district  to  the  subsidiary  east-west  fractures  that  are 
isidered  to  be  genetically  related  to  it.  There  is,  of  course, 
direct  connection  in  time  between  the  ore  and  the  Tonopah 
lit,  because  there  are  many  younger  faults  that  are  also  min- 
lized.  It  would  seem  rather  that  when  the  silver  mineraliza- 
fi  occurred,  the  compressive  forces  resulting  from  the  settling 
it  produced  the  third  group  of  faults  (page  40)  were  still  in 
stence,  and  that  the  east-west  Tonopah  fault  and  its  subsidi- 
'  fractures  were  parallel  to  the  direction  of  these  forces  and 
re  therefore  capable  of  being  open  to  the  passage  of  mineral- 
ig  solutions.  Younger  faults  with  a  parallel  strike  might 
0  receive  ore  solutions,  but  those  whose  strike  was  more 
irly  normal  to  the  direction  of  the  compressive  forces  would 
nain  closed. 

Although  the  younger  faults  are  only  locally  ore-bearing,  some 
the  larger  ones  also  appear  in  several  places  to  have  played 

important  part  in  guiding  the  passage  of  the  ore  solutions. 
us  the  Merton  fault,  in  addition  to  itself  being  ore-bearing, 
■ms  probably  to  have  been  the  source  of  the  ore  in  the  Ber- 
ida  and  parallel  veins  of  the  Tonopah  Extension  mine.  The 
ersections  of  the  Monarch-Pi  ttsburg  fault  with  the  Tonopah 
lit  coincide  with  large  ore  bodies,  such  as  the  Denver  and 
irray  ore  shoots  in  the  Tonopah  Extension  mine  and  the 
ge  ore  body  on  the  Ohio  vein  in  the  West  End  mine.  The 
nging  -  wall  regions  of  the  Mizpah  fault  and  the  Belmont 
lit  are  both  marked  by  an  unusual  concentration  of  ore 
«>t3,  which  decrease  in  value  and  become  unworkable  away 
>m  the  faults.  The  influence  of  these  faults  in  localizing  ore 
3ots  is  believed  to  have  consisted  in  part  in  furnishing  a 
annel  for  the  ore  solutions  to  follow,  eventually  depositing 
sir  contained  silver,  as  with  the  Merton  fault  and  portions 

the  Mi2pah  fault;    and  in  part  in  deflecting  or  intercepting 
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ve  been  the  temperature  limits  within  which  the  silver  min- 
ils  were  deposited  in  commercial  quantities,  and  the  upper 
i  tower  surfaces  of  the  productive  zone  are  thought  to  rep- 
ent roughly  the  isothermal  lines  for  the  two  limiting  tem- 
■^tures. 

rwo  features  of  the  geology  appear  to  offer  support  to  this 
ief.  One  of  these  is  the  spatial  distribution  of  the  guartz- 
■icite-adularia  and  chlorite-carbonate  types  of  alteration,  and 
!  other  is  the  variation  in  the  silver-gold  ratio  from  place  to 
ice. 

rhe  quartz-sericite-adularia  alteration  was  most  intense  in  a 
atively  small  area  in  the  ground  of  the  Tonopah  Mining  Co., 
nciding  almost  exactly  with  the  highest  contours  on  the  upper 
rface  of  the  productive  zone.  Beyond  this  central  area,  the 
lorite-carbonate  alteration  was  the  dominant  type. 
Similarly  the  ratio  of  silver  to  gold  varies  with  respect  to 
s  central  zone.  Plate  3  shows  this  ratio  for  all  the  mines  that 
ve  produced  more  than  100,000  ounces  of  silver.  These  show 
i"ange  from  about  85  parts  of  silver  by  weight  to  1  part  gold 
the  central  area  to  more  than  100  parts  both  to  the  east  and 
;  west,  reaching  a  maximum  of  111.5  parts  in  the  ore  from  the 
meralda  County  portion  of  the  Tonopah  Extension  mine.  The 
rrespondence  between  the  ratios  and  the  contours  would  be 
en  closer  if  corrections  were  applied  to  two  of  the  ratios  shown 
plate  3.  That  for  the  Tonopah  Mining  Co.  (90.1)  is  unques- 
'nably  too  high  to  represent  the  hypogene  ore,  for  it  includes 
~  oxidized  ore  mined  at  the  surface.  This  ore  has  been  rela- 
'ely  enriched  in  silver,  as  is  shown  by  the  ratio  of  151.2 
tained  from  lessees'  ore,  containing  over  2,000,000  ounces  of 
ver,  mined  in  the  early  days.  The  ratio  of  78.1  for  the  North 
ar  mine,  on  the  other  hand,  appears  to  be  considerably  too  low. 
ssees  have  mined  nearly  half  of  the  ore  produced  by  this  mine 
d  apparently  have  selectively  extracted  ore  rich  in  gold ;  for 
e  two  years  1913-14,  during  which  more  than  half  of  the  total 
ver  output  was  mined  through  operations  on  a  moderately 
'■ge  scale,  the  ore  had  a  silver-gold  ratio  of  93.3,  which  fits 
Vf  nicely  between  the  Montana  ratio  of  92.5  and  the  Belmont 
tio  of  95.3. 

In  addition  to  the  influence  of  the  Tonopah  fault  and  other 
st-west  branches  and  of  the  temperature  factor  in  localizing 
6  ore  bodies,  it  would  appear  that  local  conditions  were  also 
fective.    The  most  important  of  these  is  believed  to  have  been 
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pecially  those  with  an  east-west  trend.  The  silver-rich  min- 
alization  followed  and  appears  to  have  been  still  more  lim- 
(d,  some  of  the  fractures  that  had  earlier  been  filled  with 
artz  apparently  having  been  sealed  to  the  later  ore  solutions, 
le  silver  mineralization,  even  more  than  the  quartz  introduc- 
in,  appears  to  have  been  controlled  by  the  major  fractures, 
ilizing  those  with  east-west  trend  as  channels  of  entry  and 
ing  dammed  or  deflected  by  those  with  a  north-south  strike. 
irthermore,  deposition  of  the  silver  was  limited  to  a  relatively 
rrow  zone  that  is  thought  to  correspond  with  isothermal  sur- 
ces  affected  by  an  igneous  mass  below.  Only  the  veins  in 
e  highest  central  part  of  this  zone  were  exposed  to  erosion, 
d  these  appear  to  have  been  relatively  enriched  in  silver. 

SnOOESTIONS  FOB  FROSFEOTINa 

The  recent  increase  in  the  price  of  silver  has  considerably 
vived  mining  activity  in  the  Tonopah  district,  which  has  been 
pressed  so  far  in  an  increase  in  the  number  of  lessees  work- 
er in  several  of  the  mines.  A  prolonged  maintenance  of  the 
isting  price,  if  mining  costs  do  not  show  a  parallel  rise,  or 
rther  increases  in  the  price,  may  be  expected  to  result  in 
newed  prospecting  operations  by  the  mining  companies  them- 
Ives.  It  is  hoped  that  the  following  notes  may  be  useful  both 
r  the  lessee  type  of  operation,  in  which  dead  work  must  be 
!pt  at  a  minimum,  and  for  the  more  elaborate  prospecting  cam- 
ligns  that  require  company  operations. 

It  is  probably  true  that  past  exploration  through  both  mine 
orkings  and  drill  holes  has  been  sufficiently  extensive  over 
uch  of  the  district,  especially  the  central  part,  to  indicate 
lat  no  large  new  veins  will  be  found.  Possibly,  however,  seg- 
ents  of  known  veins  will  be  found  to  contain  profitable  ore 
loots.  Several  such  segments  appear  to  have  been  unexplored 
id  might  be  prospected  at  relatively  small  expense.  One  such 
gment  is  believed  to  occur  on  the  600  -  foot  level  from  the 
xtension  No.  1  shaft,  where  the  Red  Plume  or  Extension 
orth  vein  has  been  unexplored  on  the  hanging -wall  or  east 
de  of  the  Rainbow  fault,  the  drift  having  been  driven  on  a 
inging  -  wall  branch  of  the  vein.  Similarly  on  the  400  -  foot 
vel  from  the  Mizpah  shaft  there  appears  to  be  a  lack  of  cor- 
apondence  between  branches  of  the  Mizpah  vein  on  the  two 
dea  of  an  eastward-dipping  fault  200  feet  east  of  the  shaft, 
'ggesting  that  there  may  be  unexplored  segments  of  veins  in 
lis  region.  It  is  thought  that  close  study  of  the  mine  maps 
ill  bring  out  similar  possibilities.     It  is,  of  course,  possible 
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never  been  found,  owing  to  the  presence  of  the  post -ore 
.ction  breccia  in  this  region.  The  north  limb  of  the  fault 
ries  the  major  ore  bodies  in  the  western  workings  of  the 
lopah  Extension  mine,  and  the  region  in  which  this  fault 
s  within  the  extension  of  the  productive  zone  would  seem 
■thy  of  careful  prospecting,  should  the  price  of  silver  be 
ntained  at  a  figure  that  would  warrant  the  probably  high 
:s  of  exploration  and  mining.  The  country  immediately  in 
hanging  wall  of  the  Merton  and  similar  large  northwest- 
'  faults  within  the  productive  zone  would  also  warrant 
loration  under  these  circumstances,  as  veins  similar  to  the 
muda  vein  might  be  expected  to  occur  there.  In  connection 
h  exploration  in  the  western  part  of  the  district,  it  is  pos- 
e  that  the  unsatisfactory  results  on  the  1,880-foot  level  of 
Tonopah  Extension  mine  were  due  to  the  fact  that  the  Den- 
and  Merton  veins,  where  they  were  cut,  are  probably  very 
e  to  the  lower  limit  of  the  productive  zone;  the  trend  of 
contours  on  plate  3  suggests  that  at  this  altitude  ore  shoots 
ht  be  found  farther  west  along  the  two  veins. 
L  much  more  speculative  possibility  is  the  exploration  of  the 
ion  for  a  few  miles  north  of  Tonopah.  The  origin  of  the 
Its  and  the  ore  bodies  as  outlined  in  the  preceding  pages  is 
ight  to  be  connected  with  a  localized  uplift  in  the  footwall 
:he  Halif&x  fault  zone.  It  seems  logical  to  assume  that  in 
3r  places  along  the  Halifax  zone  there  may  have  been  simi- 
local  uplifts,  which  may  also  have  been  mineralized.  Unfor- 
ately  the  region  to  the  north,  which  for  several  reasons  is 
eved  to  be  the  more  favorable,  is  largely  covered  by  younger 
(s,  30  that  direct  surface  examination  for  signs  of  local  uplift 
mineralization  is  not  possible,  and  the  large  area  involved 
lid  make  the  cost  of  adequate  subsurface  exploration,  either 
drilling  or  by  shaft  sinking,  much  too  great.  It  ia  possible 
:  detailed  instrumental  mapping  of  the  few  scattered  cut- 
is of  the  pre-Esmeralda  formations  might  give  some  sug- 
:ions  as  to  favorable  regions,  which  in  turn  could  be  explored 
drilling. 
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